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PREFACE. 


Ti^jB Report is the outcome of twelve months recently 
spiRii in the TTn ited States as Gurtside Scholar of the 
University of Manchester. ^ 

Afl an engineer, the writer natjurally devotc^d most attfeh-i 
ti^n to Engineering, and in particular to mechanical and * 
electrical engineering. In order to come to close quartars 
with Americai^engineering, the writer thought it dosiri^MO'^ 
to spe^ some time as a worker in a manufaeluring^worb ^ 
a power station. 'I’he remainder of the time wan 
spentliii visit r^»g works and educational institutions, inter- . 
wewij^ business men, attending engineering mcelinga 
jjfL^Tiprn] i^tudy connected with tlie business tm hand. 

Xo referoiice is iuad(‘ in the body of the li(‘port to the 
St. Louis Exhibition, whi<*h the writer visi^d early on his 
votfr^ To attempt a description of it would take up tosi 0 
much space. Perhaps the most enduring impiesiiion was 
that of size; it was di.stractingly hig. 

In general the writ<T was reciMved with kindness by 
American business people, and freely simwn Ihosq things 
which one could l<‘gitimately exjx'et to 8e(‘. 'I’lie id©a, 
however, that an Anieri<‘an will show the outsi<ler every^ 
thing is (juite erroneous. He has 
Englishman to give the results o: 
experienEe^io«thc world at large. 

•EtAde firms wA'c kind enough to t^xhibit to the writer 
their systems of cost-keeping, ami several firms very kindly 
supplied sample forms, cards, etc. For various reasons iS 
lias.been decided not fo repro<liice these ^prms. 
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In particular the writer w^fld like t^ficknowledge the 
' assistance j he received from Mr. junr., of the 

Ingorsoll-Sorgeant Drill Co.; Messrs. ^CIiaBee Churdhill 


and Co,; Mr. McDougal and Mr. Wm. C. Brown, of 
Montreal; the Wellrnan-Seaver-Morgan Co., of Cleveland: 
Mr. Worthington, seeretary to the iJritish Institution 
Mechanical Kngineer.s; and Prof. S. J. (Jhapman, of 
Chester. To these and many others the writer is great 
indehted, ajid had it not been for their kindly assistan 
the d(?fecls of this iteport ^vonld have been evtw great 
than they are. 

FRANK FOSTER. 


M.fK('iii;sTKi{, 

Jiinv, lliOG. 



PIE GARTSIDE REPORTS, 

♦ I 

The Gartsid^Reports are the reports made by ih9 Gartsidc 
Scholars jfce Tfciversity of Manchester. Tie Gfirtsii 
Scholarships weie established in 1902 for a lihiitcd period 
by John Henry Gartside, Escj., of Manchester. They are 
tenable for two years and about three are awarded each 
year. They are open to males of British nationality wlio 
at^ie date of the election shall be over the aj.^c of eighteen 
years and under the age of twenty-three years. 

Every scholar must enter the rnivensity of Manchestor 
for on(f^ Session for a coursd of stmly aj)pioved by the 
electors. 'I'he remainder of the time covennl by the 
scholarship must be <levote(J to the examination of sub- 
jects yaring upon ( ommerce c»r Industry in Germany or' 
S\p.it!^‘rland, or in the I iiiti'd States of Amciica, or paidly 
in oije of tlie above-mentioned countries and j)artly in 
other: , but the eh'ctors may on special grounds allow part 
6'f*tl^ period ot the tenun* of tin* Scholaiship to be spent 
'itr study and tiavid in soiim* other country or countries. 
It is int(‘nd(‘d that (*ach scholar shall select srune industry, 
or l)j.irt of an industry, or some business, examination 
anu investigate this comparatively in the United Kingdorj^ 
and abroad. The first year’s work at the University of 
Manchester is d(*signcd to ]>n‘parc tin; stinlmit for this 
investigation, and it partly takes thi‘ torm of directed 
study, from publications and by direct investigation, of 
English conditions with regard t<» lh(‘ imlustrial or conr- 
mercial subjects upon which r<’scar< h will be maile abroad 
in the second year' (d the sclmlaishij^ Finally each sr.'holar 
must pre.sent a report upon the imoHiMs that lie has had 
under ^{^mination. The iep<»rts wil^as a rule l>e pub- 
lished. 

value of 'I schohirsliij) is abotd .i‘<S0 a year for the 
time 8|)ent in England, A)loO a year for time spent on 
the f-ontinont of Eur^rpe, and about a year for time 
spent in America. 
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CHAPTER I. 

General Engineering Policy. 

Therk are some general features of American engineering 
pol^ which are worth noting. 

(J^icap fiiiiah. Ihere is jiervading most engineering 
and constructive work a disinclination to make thing!: 
excessivWy strong or with an. unduly higli finish. This 
feature is undoubtedly in pad due to the considerable 
amount of pioneering work \vhich has Iwen, and still is 
being, (|^)ne. I'hus, for instance, when it is desired to 
build a Fail way in a spar.sc‘ly-s(‘tth*d <listrit!t which (!annot 
have a very great di'al of traffic, it is imperative that the 
railway Ik- huilt cheaiily. Otherwis<‘ then* will Ik* no 
railwaj at all. As, luiwever, population increases the 
■^Pfnount ot traffic just ifies a higher standai <l of construction. 

J he railways of the Kastern ^states show this raising of 
^le €.<Andard of constiaictjon v<'ry w<‘ll. To a certain 
extent, how<‘ver, tliis featun* of early const rmdive work 
has become [lart of the settled policy of Americans. 

Orcpunsation. Aiu/tlier f<*atuie wljich is eveiywluTe 
a])parent i.s the Amerjean love of organisation. ^I'lie gn^at 
industrial combines an* striking cvi<lence of this fact, and 
in a less striking manner tin* same fcatun* shows itself in 
cdaborat(* workshop organisation. 

The a(!(ompanying chart (p. lOb) givt's the organisation 
of a firn.> of engineers in the States Cnijiloyed in the 
manv ff.cture of elt^ctrical imu hinery of all sizes and some 
small special machine.s (A. If. on chart) and ecpiipments. 
Ihe chart is self-explaiUitory. t>ne or two modificatioriH 
had been introduced. The pW (»f foundry sufKirintt*ndpnt 
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had been abolished, each departmental foreman being 
under the direct control of the superintendejit. It will be 
motire'd that the immediate control of/he manufacturing 
staff and the commercial staff is in different hands. The 
engineers referred to among the sales agents are technically 
trained men who are sent out on the road for orders, and 
particularly when it is thought that technical knowledge 
will influence the decision of the intending purchaser. 
The territorial agents referred to are the permanent agents 
installed in offices in the Jarger towns and coiy^tituting 
the hcadriuarters for the surrounding temtory. The 
special sah^s agent is, as the title would imply, sent to any 
point wliere his services may be deemed necessii^y. The 
onler in the columns docs not indicate any connection 
other than being under the same official. I’hus under 
“ secretary and treasurer ” we have six departments 
independent of each otlior except through the aCove 
official. The firm employed about 500 men in the work's^* 

Eduvalion. In America, too, we find a more persistent 
attempt to make use of th<‘on‘tical iva.8oning in ^■iiini\|r 
facturing o|H'rations. The generally friendly attitude of 
<uu[)loyerH towards technical <‘ducati()n illustrates this, 
although it must be romeiuhered that many em[)loyers are 
on the look out, not so much for technical knowledge in 
their assistants as for sjMn ial executive and general ability. 

It is jHM'haps in the electrical industry that we find 
the employers maki|Mg most use of scientifically trained 
men, largely no dtftibt lx*cause the electrical industry is 
to a large extent* new and half-d<'Vploj)ed. Tli4i»e is not 
that same body of gust experience which is at the ks^e of 
all rule-of-thumb and empirical met^CKls of design, in 
the elect riiral industry that there ij; in many of the others. 

ProtHiioiif Vhe more stVictL national policy of 



3 


IN THE UmTED STATES 

Protection, and the widespread belief (hat high prices 
are an essential to commercial prosperity nteo yot be 
di^usscd liere. 'Tke United States, with its large popu- 
lation anjJ an area of (liirty times that of Great Britain; 
with climates and soils suitable lor the pn^luction of 
almost all kinds of mineral, agricultural and nianu- 
factiired goods, is less influenced in a diivct manner - 
either one way or the other than is Great Hritain by the 
nature of its ])olicy with regar<l to international trade. 
The wofst effects o^ the j)olic\*of l*rote<‘tion in the States 
ai'e probably the indirect ones; the assistance it gives to 
industrial monopoly and the*serious blow it aims at the ^ 
purity of political an<l public life. 

It may interest English n‘ad(‘rs, however, to know that 
there is a strong sentiment in the States that the Tariff 
ought to be refornu'd. The Ani<‘rican 'I'ariff IbTormers, 
however, want a rcdintion in th<‘ (histoins’ duties. 
"Xothing the writer saw or heard in the States impressed 
him as in any sense making I*r(M(‘ction a d(‘sirabh‘ thiiig. 

• Alfftricans as a nation know less about the economic 
principles which govern trade than cv(‘n Englishmen. 
As recently as the prcshlenfial (dcction of 1904, Vice- 
President Fairha?»ks ejuoted with approval a sj)ccch of 
Lincoln’s to the effort that whereas when they bought 
twenty dollars’ worth of Kt(*cl abroad they obtained the 
steel and parted with the dnllars, yet by buying the st{*el 
in the States they <d»faincd the Itr-cl and k(‘pt the 
twenty dollars, 

Hiffh Prices. The belief that high prices arc necessary 
to inJhstrial prosjj*rify is <lue, of (‘oursc, to the fact that 
brisk trade means, as a rule, a strong demand and (’(mse- 
quently hae an upvArd^ tendency oi prices. The 
'Americans mostly imfginc that it is the* high prices 
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which make the brisk trade, or, in other words, that the 
horse I'oesiup hill because the cart pushes it? 

• Specialisation. America is supposed to b^ the hdhie 
of specialisation, and undoubtedly- in the ei^ineering 
trades at least -it is more so than England. 

It is true that there is a strong tendency for a firm, 
unless very large, to confine itscdf to one branclj of 
<‘nglneering, l)ut th(‘ close sjM‘cialisatiou which concen- 
trates on oii{‘ single article is uncommon. 

The argimumts in fav(mrt>f specialisation are : -^Firstly, 
that the concentration of thought and attention on one 
or two spc(;ialiti(‘s n‘sulls in their highest development; 
and, secondly, that the manufacturing of great 'tiumbers 
of identical articles (Miahhcs the manufaclure to be system- 
atised and improved, with, conse([ii(‘n(ly, a great reduction 
in th(i cost of production. 

That there is si»me truth in these claims will be granted; 
but tlnue arw s(une arguments on the other side whifiK" 
rcijuire to b(« noticed. 

All bramdies of tra<Ie sutVer fluctuations and .^’firm 
engaged in two Inamdies may often n'asonably expect 
that botli will seMom be at the extremes of slackness 
or rush togi'tluM*. rro\idcd then, tliat these two branches 
iuv fairly closely allicsl in nature so that the men and 
machines can mostly be <*m ployed on eith(‘r, the chances 
that a trade <h*pn‘ssion will seriously atfect the firm are 
reduced. * 

In onl(‘r that the full a<l vantages of such an arrange- 
ment shouhl 1 m‘ at\aiiH‘d, two things .should be al»R?d at. 

In the first plane, the two branches .should Hot be 
industrially dependent on each other. That is to say, 
the state of trade in the one nu|st not Ik* considerably 
dependent on* the state of trade iJl the other. If this is 
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not attended to the ehanees are that when one ^nineh is 
depressed thd other will Ik* also, and the u<lva!ihijr^s of a 
combiue<l husiness'are missed. * 

In the-^eeoiul place, the plant ixHjuirtsl ft>r inanufnrtur- 
in^^ purposes in the tw'<t branches should be as nearly 
similar as possible, so that it can U* used tor either. 
Th»s, the comhining-of two distinct and diflerent industries 
under one tinn, whilst it may siunewhat eijualise the 
divulends, will not <!<» anythin*^ towards iin reusing them. 

tin th(‘ other hiynl, if the* plant and slatV inelmlinf' 
workmen (an be enf^ai^ed on either or both, then a 
considerahl(‘ saving in marhinerv. buildings and j^eneial 
exp<‘n.sc^ can he seciirtnl, besides soim* litlh* savinj' in the 
wa^res bill and a reduction in unemployment. 

The importance of this point is not sutiiciently under- 
stood. As a rule, when a tinn <‘nj;a^es in two blanches of 
an industry, these branches are closely allied; as, for 
instance, the manufacture of steam <‘n<^niK's and con- 
densing'* plant. When one branch is slack the other is 
•likely to 1k' so akso. 

'rii(‘it* are, ljowe\«‘r. advanta^o‘s in running closely allied 
branches, mainly of a commercial (haract('r, although 
also connected with the design. 

AVlooi a firm engages in two di.stinct branches it is 
advisahl<‘ that ihe firm be a larg(‘ one (having r<‘gard to 
the nature of the work, of emnse, a.s wcdl). DtluTwise 
there will m»t U* 4*nougli speciijbsatifm, or partial 
sjxriali.satioii, on tlic designing side to (oiable the best 
designer to Ik? oVrtaincd, and the character of the work is 
apt t(f suffer a ]ittj(\ Few designers ffnd draughtsmen arc 
expirrtvS in many things; a certain amount of specialisation 
is necessary if the b<*s| results are to be*obtained. 

At the same time, the idea that concentration on one 
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single thing to the exclusion of all others is the best way 
to dev^loptlhat thing is, the writer believes, b fallacy, 

' Development and improvement in nfanufackire reqifire 
the annexing of ideas from other fields and th^ pushing 
forwanl into new fields. Tliis requiies a considerable 
general knowledge, particularly of allied subjects, and a 
keen receptive intellect. Neither of these thingi is 
obtained by a too intense concentration. One of the great 
advantages of technical soi-ietics and perifxlieals is that 
they widen one’.s outlook iif technical ^natters. 

Extreme specialisation is most suitable where the 
demand for the product .is fairly regular or where 
considerable stocks can bt* (‘arried without Idas, thus 
enabling the ine([ualilie8 of demand to l)t‘ smoothed out 
without greatly disturbing the manufacturing itself. In 
a<^ case the firm, whilst specialising, must be prepared 
to make radical alterations in its specialities if it is not 
going to g(d “ left ” some day. 

Spcrialis(ifi<>n and thr lt’or/»rr.v. Specialisation is 
interesting when looki‘d at from the workers’ poTfR oi^ 
view, and it is not wliolly advantageous. 

The greatest argument in its favour is, of course, that it 
makes for economy c»f [u-oduction and that ultimately the 
working classes receive tludr share of this improvement. 
Any improvement which will enable* one man to do wliat 
iv((uired two mem before, is a gain to the community, 
including the workcAi. 

One advantageous feature which has, however, some 
drawbacks is that it opens up a considerable *^L*ld for 
unskilled or only «emi-skilled workers. Not tlfiit all 
specialises! processes require sucli worfeers; many indeed 
call for the highest skill. Still sf'»ccialisation in general 
implies* two tilings, viz., ^l) repetiiion by each individual 
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ol some short operation,* and (2) the extensive use of 
automatic oiv semi-automatic machinery. ^ • 

Che firsj condition (repetition) means that the* raruji^ 
of skill required of the worker is less, and hence more 
easily acquired and in a shorter |M'riod. 

The second condition (use of machines) means that the 
quq^ity of thr akill is reduced because many of the most 
difficult operations are now jH*rfi»imed automatically. 

Both these ci)ndition.s make it <‘asier for an ujiskilltMl 
worker to be diau^hteil into a ^specialised industry, and for 
the said unskilled worker the re.sult is practically all j^ain. 

For the skilh'd worker the j^ain is m«)ie problematical. 
Jle ma}i| of courst*, <lrauj(ht himself into the less 8|K?ciuli8(Hl * 
branches, in which cas(? lu* remains pretty much as before. 
There is a tendency, however, lor a considerable number 
to be drawn into the speciali.sed work. 

Often, especially in its earlier developiiHOit and if on 
piece-work, hi.s wa^e.s will not be lowered; but he is 
liable to lose, or fail to acquire, .some of his ordinary 
trad* -skill, with the re.sult that he bccfoiies much more 
vulnerable to d(‘pres.sions in hir j)artii*ular tiade, and 
should he be thrown out of work he is at a serious dis- 
advanta^c in applying; for a new job. Fiojn the recrea- 
tive and intellectual si<Ie, too, sp(‘< ialisat ion is a loss to 
the W'ork(*r, as it renders his work monotonous and 
dcj)ressing. It makes a wor.se man ami citizcji of him. 

What, then, are tin* remcdi<‘S f40- th(*se ill-cflVcts of 
specialisation ? 

remedy that is ofteii proposeck by labour leaders 
is tl»t only fully-fle<l^o*d journeymen shoubl be allowed , 
to run “ .special i8#d ” machinery. In other w^ord.s, that the 
competition of the iftiskilled workers should be rigidly 
excluded. 
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The most ohyious objection fo this is that it is unjust 
to the mhn^who is most in need of some contideraion, the 
Unskilfed worker. Then, too, the gain|to the shilled mfin, 
even in the matter of wages, is doubtful, and it^does not 
remove the prime objection — that this kind of work 
virtually makes a skilled into an unskilled, or, at best, 
semi-skilled, worker; and by their own claims the skilled 
man should l)e paid more than the unskilled. 

A partial remedy lies with the workers themselves. If 
a skilled man is content to become a mere machine tender 
he will liecome semi-skilled, lie may, however, insist 
upon varying his work. It is no uncommon thing for 
American mechanics on repetition work to demand a 
change at the end of two or three years. If the change 
is refused, they seek a new job. Often they will stay 
in one shop and go through a series of processes. This 
feature is not p<‘.rhap8 so marked in ordinary manufac- 
turing as in sjiecialiscd engineering work. 

Another partial remedy lies in the more extensive use 
of technical literature and technical schools by journey- 
men as well as youths. 

The eft’eid of rigid specialisation on employment is of 
importance. As we have seen, the low level of skill 
requinul is of advantage in allowing a man to be quickly 
drafted into the trade, and this tends to prevent 
unemployment, particularly among the semi-skilled. 

Unfortunately, it iac.necessary at times not to draft men 
into the work, but tt? discharge them, and the worker so 
discharged is too narniw' in his skill to find it iML\reasy 
, matter to get a newjob. Hence the necessity for«8Uch 
w'orkers receiving a training in something outside the 
limits of their immediate occupation. 

" GooJ Enomjh is Uest"' Thb clhim is often made by 
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Englishmen and accepted by Americans, that as a rule 
English man'ufactures are of a more durablei cliaracter 
thdn those 9f Amer^a. « 

The American defence is that with the mpid changes in 
industry taking place the useful life of a machine, say, is 
comparatively short. At the end of u few years something 
better is on the market which should l>e adopted if possible. 
They make their machines, they claim, durable enough to 
last until something better is to be had. If they made 
them too durable they would* l>e too exjHUisive to scrap 
when something bettor came on the market. 

Like many broad generalisations, this one has some 
strong pfjints in its favour, but it is liable to be abused if 
used indiscriminately. Indeed, (»ne thing which is 
noticeable in the States is that there is a distinct tendency 
towards making machines and other engineering work 
more durable. To a certain extent this may l^e aecounted 
for by the heavier duty recjuiivd of engineering work 
in these days. 

H In connection with American machine tools and 
machinery generally, one finds a most extensive use of u 
soft gratle of iron which is easy to work, hut materially 
shortens the life of the machines where at-euracy of 
adjustment is essential. 

In the abstract this ideal of building for the useful life 
only, is perfect. There can be no justification in putting 
valuable labour and capital into a ftachine only to find 
that in a few years if is a bar to furtiftir progress. 

Evan engineer can call to mind mabhineiy and plant 
generally which is out of date, b^t is kept running 
because it is stifl healthy and contains considerable 
invested capital. t ^ 

On the other hand, it would Ikj easy for lilost eifgineers 
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to call to mind machines anS plant — ^not always bu2t 
abroad— wjiich have not lasted as they ought, and other 
•instances again of machines kept in but of which the 
annual repair bill is the equivalent of a considerable 
capitalised sum, or in which efficiency has been unduly 
sacrificed in order to keep down the initial cost. 

It is quite true that “ good enough is best,’' but all 
depends on what is meant by good enough. The man who 
imagines that any sort of a steam engine is satisfactory 
so long ius it will perform its uppointe<l task, and that the 
measure of its perfection is the smallness of its initial 
cost, is deluding himself. 

The fact is that a principle like “ good enough^is best ” 
requires a clear brain and expert knowledge in order to 
apply it to practical cases. The trouble is that some men 
trust it like a fetish. The man who cannot see the 
limitations which durability and efficiency impose on first 
cost is just as much in the dark as he who fails to realise 
the limitations which first cost imposes on durability and 
efficiency. • 

The directions in which American engineers attempt to 
n^duce the costliness of their designs - apart from 
methods of manufacture -vary with the character of the 
work to bo done, but a few may be indicated. 

So far as is practicable cheap materials are substituted 
for the more expensive ones. Thus case-ha rdene<l bushes 
and pins in locomotives are comparatively rare, the writer 
was given to undersfand. Iron pipes largely replace brass 
and copper in fh(* smaller engine connections; C''ft-steel 
replaces wnnight-stgel to a veiy large extent, and the 
softer qualities of cast-iron are muclf used, mainly in 
order to reduce the cost of machini|ig. 

LeBS*niach()iing and polishing is given to machinery. 
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On the whole, bearings are properly machined and bedded, 
although the* writer saw some serious exceptions to this 
rule. Other parts g^hich in England would generally be^ 
polished^are merely rough-turned or even left paintwl. 
There are two objections to this policy. In the first place, 
machinery attendants, being human, like a nice-looking 
thii^, and will give more care and attention to a good- 
looking machine than to a shoddy article. Also machining 
discovers and exposes hidden flaw's, whilst painting and 
filling do just the opposite.* Exactly where the more 
expensive finish becomes desirable cannot be determined 
by a broad generalisation. 

As a ^’ule Americans make their machinery- and most 
other things lighter than we do. They also very 
frequently pay less attention to the details of construction 
so far as strength and durability is concerned. Indeed 
American engineers take more chances in their designs. 
Some of these risks are taken delil><.*rately, it being held 
that the extra co.st of the sujwrior construction is too big 
• an insurance premium for the risk involved. 

Apprentici\slup. The old form of apprenticeship so well 
known in EnglamI- -although now on the decay - is almost 
unknown in the States. 

Many attcmjits have bi^en made w'ithin recent years to 
found some satisfactory apprenticeship .system, but as a 
rule with little success. 

ihe ago at whi<*h a youth leaves* sc bool is now two or 
three years later than it was, say, fffry years ago, so that 
it iftntesirable that the old seven-year'apprenticeships bo 
shorttned. As a matter of fact, f(^r years is about as • 
long as is attenl|)ted in the jStates, even for ordinary 
apprentices, and this* is found to be ^f)o long in many 
cases. * ^ 
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The root difficulty of founding and maintaining a aa&h 
factory apprenticeship system for engineers* is due to iht 
•fact that a youth can go ii\to a woijjcs and after a tew 
months' experience, get a job as machine hand.or fitter’s 
helper at considerably better wages than if he were an 
apprentice. Apprenticeship doesn’t pay, and he knows it> 
This does not apply so much fo college graduates, in w4ios6 
case, however, the training given is as a rule fairly broad, 
and often very broad, and covers not more than two or 
three years. • ^ 

To return to the ordinary apprentice. The writer found 
^ that the lure of the dollar, the higher initial wages paid 
to one not bound to any course of training, Vas too 
strong to l)e resisted by the majority of youths, even 
thougli a bonus of £20 or so is often paid at the com- 
pletion of such a course. 

In Milwaukee the writer found that at one shop there 
was an apprenticeship course for machinists. There were 
not above half-a-dozen apprentices in the works (employ- 
ing about 600 men), and none had entered for the year or« 
BO previous. 

In Cincinnati the writer was told that an apprenticeship 
system ha<l been in vogue, but that the apprentices found 
they could earn more us non-apprentices, and not even 
legal proceedings could keep them to their agreements. 
Consequently, the scheme was given up. 

The Westinghouse^achine Company has an apprentice- 
ship course of three (? four) years for machinists, pay 
starting at five cents (2id.) per hour. These youtifl? irere 
said to be very profitable to the company, and wheJ they 
had fini8he<i their course most of them i^ere discharged in 
order to show the^— as it was put— ■*“ that they are not the 
whole show.”* Certainly a rather strange ending to a 
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’ff^ahg tlie object oi whicij ought to be mainly to ensure 
^adequate supply of skilled men; and particularly so 
whto one ipmembejjB that good all-round mechanics who. 
can undertake new jobs are scarce in the States. 

When so many able engineers have tried to find a 
solution of the apprentice problem, and with such in- 
diff«*ent results, it is not to be expected that the writer 
can present a cut-and-dried scheme to meet all require- 
menta. 


A few points, however, stan?! out very clearly. In the 
first place, the apprentice if in most cases worth more 
to an employer than he is paid, and hence the lack of 
apprentices may be partly overcome by paying an 
apprentice what he is worth, which, although not equal 
to a journeymans wage, certainly in general amounts 
to more than apprentice pay. 


In the second place, apprentice courses should be much 
shorter than is now usual. They should be as short as is 


consistent with the amount of training and 
Tbe acquired. 


experience to 


Also, piecework (except possibly for a few months 
during the latter part of the course) should be rigidly 
tabooed. A youth who is learning a mechanic’s art 
cannot do so properly if he is working under pressuie 
with quantity and not quality as his main incentive. 
When he has acquired sufficient shill to be allowed to 
race, it is time that he be either pffl on a fresh job or 
Tnad^Bi journeyman. A youth who dobs a journeyman’s 
work Mght to receive a journeyman’^ pay. Until he can 
do this work it i#bad for him, and ultimately for the 
trade aa a whole, to allow him to make quality subservient 
to quantity. 
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Undoubtedly, part of a mechanic's training will in ibe'^ 
future te gcqtiired in technical institutions 'lilthough it is 
•hardly conceivable that the factory training s^ill ever*be 
supplanted. 

Probably, too, the old restrictions as to the number of 
apprentices permitted in a shop df given size will have to 
be removed, or at least very much relaxed. All thaf the 
trade unions ought to demand is that the training shall 
not fall below some standard. The restriction of the 
number of apprentices is aA injustice the youths of the 
nation and therefore to the nation itself. 

A good, broad and sound training for the werkers is 
of great importance if a trade is to progress and if the 
workers themselves ara to l)c rendered less vulnerable to 
variations of trade. 

High Wages and Lahour-saoing Machinery. It is 
supposed by many people that the States is the home of 
the labour-saving machine, and that this is due to the 
high wages paid. « 

This is n(»t so, however. As regards labour-saving 
machines in the engineering trades, the writer thinks that, 
owing largely to specialisation in manufacture, its use is 
somewhat more extended than in England, although there 
is certainly not that enormous difference between the 
practice of tiie two ^countries that is implied by nian^i^ 
writers on the subject ^ 

In so far as labour-saving machinery does effect a 
saving, it increases wages because it produces mor^o be 
divided among the people — both work^s and employers. 

It is not tru^ in general, however, that the use of 
labour-laving* machinery is <fue to high^ j pg c s. For 
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iBittAoe, rappoM that all Vagei in England be doubled. 
Sltea prioee Aould also be doubled, and the percentage 
laving eifec^d by a machine would remain unaltered, so 
that it would be jAt as profitable as befoie. It ought 
to be clear to everyone that if these machines really do 
save labour they will be adopted whatever the money 
wag^. A reduction of, say, 10 per cent, on the wages bill 
will always be sought after by the employer. 
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CHAPTER II. 

Relations between Employers and Employed. 

• 

A FEATURE which often strikes a stranger in the States 
is the freedom with which the average mechanic will 
express his opinions to hisw foreman or manager, particu- 
larly so in the western and middleVestern states. As 
illustrating this, we may take an incident related to the 
writer by the works’ superintendent (and half (fwner) of 
a well-known machine-tool factory. 

A superior mechanic was on a new piece of work and 
the superintendent was surprised to see that the mechanic 
hud not followed his instructions. Being asked why, he 
leplied in effect, Because you are a duffer and your 
methofl is no good.” The superintendent asked him to 
prove this, and the mechanic did so. “Next day,” said^ 
the suporinteiulent to the writer, “ I raised his wages, but 
had he faile<l to show that my method was wrong, I would 
have dischargcsl him.” 

Not all mechanics would dare to be so independent 
and probably few superintendents would be so willing 
to overlook what would usually bc^ considered downright 
impmlence. Still, there is distinctly less of the mae^r 
and servant feeling* in American workshops than with ' 
us. Partly it sodms to he due to the general "pifit of 
independence whicl<^ still lives in the States, and partly it 
is due to the fact that class disinctionswire less marked. 

lo an Lnglish manager such freedom of speech may 
seem like the thin edge of the wedge which wijyi ultimately 
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omthrow his authority. Allowance must, hoi|pver, be 
made for t&f fact that the significance of “ babk t%lk” in 
Viif American shop^is much less than in an English one.*^ 
The Amprican seems to consider it a necessity of his 
republican sentiments, but generally speaking he does 
what he is told just the same. 

Egnployees* Suggestions, A good deal has been written 
about the ease with which an American workman can 
obtain access to his ** bosses ” when he has a grievance, and 
the eagerness with which the employer welcomes his 
co-operation in inventing improved methods of manu- 
facture and even of shop organisation. Although the 
writer i^sited forty factories and over thirty electricfty 
stations, besides working in two himself, ho did not see 
a great deal of this latter feature. 

As the chief engineer of one firm — a man personally 
acquainted with English and Continental practice— re- 
marked : “Human nature is pretty much the same here 
as in England. When a man is responsible for a design 
^or for the running of a shop he doesn’t want to have 
someone else — particularly a suboidinate — come and tell 
him that he could do it better.” The same engineer 
characterised most of the suggestion schemes as just paper 
and talk. At another large engineering shop the super- 
intendent told the writer that his firm welcomed sugges- 
ions; but on being pressed for details he stafi^ that these 
suggestions were not paid for in caA, but that the man 
who made them would be remembered when promotion 
tim^jcame. This method when applieil to the ordinary 
workm«i, most of whom never get #ny promotion, can 
hardly be considered either very just or politic. 

At one place where the writer worked, he was told by a 
departmental foreman that suggestions* wouK^ be 
c 
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welcomed, but when be attompted to mak^ one or two 
to tbecgeneral foreman they were aimply not listened to. 
*Tbe man with whom the writer was forking* remarkeS i 
** Don’t you say anything ; they don’t want to Ig^ow what 
you think ” ; and it seemed as if the man was ri^ht. 

The writer’s conclusion is that the comparatively small 
number of men who trouble to make well-considered 
suggestions, the number of these that are worthless, and 
the natural objection which foremen and managers feel 
to being told their busineA by their ^industrial inferiors, 
has prevented the adoption of suggestion schemes on 
anything like an extended scale. 

The common idea that the present methods o’i minute 
specialisation in manufacture, by which a man may do 
nothing but make screws or attend to a few automatic 
machines, are conducive to inventiveness on his part seems 
to be unsound in logic and disproved by the actual facts. 
Such monotonous work tends rather to deaden the brain, 
and to make the man’s thoughts run in a groove rather 
than to arouse any great interest in his occupation. How 
many people who habitually use the same domestic articles 
at homo ever invent an improvement on them ? 

Then, again, an invention by its inherent nature 
requires the introduction of something new either in 
material or mode of action, and the best way to introduce 
external ideas is to first study them. Invention and 
design — ns distinct }rom copying to an altered scale, — be 
they even in ever so specialised a groove, require a wide 
knowledge of matters related to that under consideration. 
The man who dots many things, but who dd^s 
sufficiently often to thoroughly unddhitand them is the 
man jrho in general will prqvc the most inventive. In 
particular the^man should do, or see done, those things 
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whwii have a Imuring on Uie prooeM ha wanta to jpprova. 
Gonaeqaentl^, the expert designer, the skilled al^-ronnd 
mdohame, and the foreman who follows the work throughp 
many pr^ssea, are the men from whom we should expect 
and do actually get the greatest number of improvements. 

The writer does not wish to pose as an opponent of 
emiiloyees' suggestions. Far from it ; but facts are facts, 
and it is desirable to point out the real state of the move- 
ment as it at present exists in the United States. Perhaps 
something may be done to benefit the worker and ulti- 
mately the firm as well, by founding engineering societies 
for the men which should encourage the reading of 
technical papers and the interchange of ideas, and also 
arrange for visits to the works of other firms. And, of 
course, in any case, a firm ought always to welcome any 
well-considered suggestions, as indeed many do, although 
such suggestions don't come very often, and in these days 
of close specialisation and highly-developed shop organisa- 
tion there is not a great deal to stimulate them. 

^ There is in many English works a certain partnership 
feeling between masters and men. Often a man will 
spend nearly the whole of his working lifo in the one shop. 
He becomes almost a part of the place, knows all about 
its personal side, feels proud of its successes and ashamed 
of its shortcomings. There is not much of this feeling 
visible in the States. Each man is lookii^ for higher 
wages, and half a cent (a farthing)*gn hour increase in 
pi^^ will induce him to change his workshop. As one 
em^oyer put it to the writer : “ We have no trouble with 
ins0; we are on good terms with other; but if 
itft firm down the street offered them half a cent an hour 
more, there isn’t one but would acr-ept t^p offer and leave 
without any hesitation.’^ 
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This |ori of thing has its good points which^re disoiftiad; 
elsewlvBre/bnt it has its defects. A bl 

'interest ” feeling between masters an^ men istan asset*43l 
considerable commercial value, but it may lead to a too 
great conservatism and objection to change and enlarge* 
ment which becomes a bar to progress. There is a natural 
tendency for the firm to become a closed concern to which 
no outsider need apply. In these days of strenuous 
competition and rapid change it is practically a necessity 
that a firm shall more or \0&a frequently go outside for its 
experts and specialists in the commercial, organising, 
designing and manufacturing sides, in order that it may 
get those who, by reason of their education, experience or 
special ability, have shown that they possess a more than 
ordinary grasp of some class of work. 

Most readers can doubtless name several firms which 
are to all intents and purposes closed concerns, and which 
stubbornly refuse to open their doors to the college-trained 
man because they only want boys or youths who are 
willing to start at the very bottom and receive their, 
promotion mainly by seniority. This feeling does not 
exist to any very great extent in the States as yet, and 
indeed the way in which the various officials and heads of 
departments change firms is sometimes bewildering. 

Welfare IVorA:. Some firms have attempted to discover 
a 8\ibstitute#for this partnership feeling. They take a 
more or less paterncj interest in their employees* welfare; , 
build them houses; provide girl workers with a cheap 
hotel controlled by the firm ; provide cheap mftajs:^ 
organise social clisbs, and generally try to flblp ihe 
employee to mind his own business? Americans as a 
nation are very individualistic, but in industrial com- 
munities there is a so little incentive to healthy individual 
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smne fona of co>(^)orative movomont iiymllj 4 
neoemty if die people are not to drop back intft a i^ate of 
** ftiTilieed barbarien^*’ » 

It is 4indoabtedly true that social betterment and 
recreation should as far as possible be initiated and 
carried on by the workers themselves, but the fact remains 
thaf in too many cases no such movement is initiated 
by them, and in default of internal co-operation external 
assistance should be welcomed. 

Whon the firm undertake to promote this welfare 
work they should act as fur as possible merely as 
promoters of the various schemes and endeavour to induce 
their employees to form their own social clubs, their 
own building societies and their own Iwai ding-house clubs. 

Unfortunately, the need of organised welfare work is 
greatest in the large towns in which it is seldom possible 
for these organisations to have any great success. This 
lack of success is due to the distance which many of the 
men — especially so in America— live from the works, the 
difficulty in crowded districts of finding suitable facilities 
for the work, and the great number of counter attractions 
and distractions in a large town. 

It is chiefly in the smaller towns and especially in towns 
where some on© firm is, as we may say, the predominant 
partner that such welfare schemes can havejany extended 
application. In the larger towns tMs work is necessarily 
more restricted and of a somewhat different character. 

bulk of the work must be left to oultside organisations 
and thfte mainly of a local character, although there is 
no reason why they should not be connected t! rough a 
central organisation. 

Although, as we have seen, there is not a very great deal 
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of welfare work carried on by Americaai fiipis, yet in i 
minor* way a good deal is done towards proyiding com 
'veniences for the men. In the norih^ states it is quite 
rare to find a factory which is not thoroughly wnrmed in 
winter. Good lavatory and sanitary conveniences are 
commonly provided, and in some cases they are most 
elaborate. 
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CHAPTER III. 

Education. 

Soaiuch has been written about American Education^ bjr 
those more particularly interested in it than the present 
writer, that is has not been deemed advisable to attempt 
an exhaustive account of the subject in this report. 

Attitude of the f^eople. One of the things which much 
impresses most Englishmen in the States is the fact that 
the majority of Americans not merely “tolerate*' fEe 
giving of an education to the masses ; but actually welcome 
it as a guarantee of future progress. 

It is very seldom — certainly the writer never heard of 
it — one hears the remark that working-men's children 
were being too well educated and that some day there 
would be no labourers and artizans. 

On the contrary, the general belief — with which the 
writer fully agrees- is that although a few may have 
their heads turned, yet a good general education improves 
the workman as such, and by giving him the means tp 
more advanced work, ensures a more plentiful supply of 
capable captains and lieutenants of industry. 

Educational Ladder. There is no un^orm national 
system of education in the States, j»Mt the lines followed 
are pretty much the same in diffeiunt places. Firstly^ 
i;,^vre is the public elementary school, usually with eight 

*See Reporta of Ktliicalional (^inmiMion ; “ Education of 

Engineen,^ by W. E.*Dalby, in ilio Proceed ingn of the liwtitutioo of 
Mechanical Eninneera, April, 1903; and Trannatlantic Engineering 
SchooU," by R. Mullineux Walniwlcy, in the Proceeding! of tJto 
Initltation of Electrical Engineera, February, 1904. 
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gndet cf itandards. Ab a rule, the school is f mixed one; 
boys and ^rls attending the same classes, save that cer<^ 
tain special domestic. classes itte ;bnly attended by gifla 
and some other classes are reserved f(r boys. Jhe bulk 
of the teachers are women. Following the public school-** 
which is patronised by most of the upper classes — the 
high school, also usually a mixed school. Here athe 
scholars are given a general training in science and arts. 
Finally, there is the university. 

Manual Training High Schools, Of late there has 
developed what is known as the ma&ual training high 
school, in which special attention is given to the teaching 
of subjects requiring manual skill, particular! wood- 
working. As a rule these schools do not profess to be in 
any sense trade schools. The manual instruction given 
is supposed to be purely educational; it is intended to 
develop keenness of perception, steadiness of hand, and 
thb sense of measurement and proportion in objects; and 
to stir the seeds of inventive genius in the student. 

Some of the enthusiasts who support this system of 
training make rather remarkable claims on its behalf. 
We are told that it is not only the best system of 
developing the intellect with a view to its ultimate use 
in business and industrial life, but it is also an excellent 
moral training. 

Nothing, th^ say, so demoralises a man as to l)e allowed 
to make an inferior ^icle. These schools insist on good 
and accurate workmanship; hence, it is claimed, the great 
moral value of the training. ^ 

It is difficult to s|e why the man wIm) spcnd^ a day 
making a high-class article is likely foi^ that reason to be 
more moral than ^ fellow workqj an who makes two similar 
but rither inferior articles in the day. The immorality 
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irDvld be in repreientation of the two emci6| meae 
bj tbe latter as being every bit aa good in tbedxeelvea aa 
i tiikd^oiie made by tbi former. With tbia aide of tbe 
buaineas t^e workmalL seldom baa anything to do. 

A few of these manual training high schools are, how- 
ever, professedly trade schools. That is to say, they aim 
at teaching a trade so thoroughly, that the student on 
leaving school shall require very little further training 
in order to convert him into a fully-fledged journeyman. 
The majority expressly state that they are not in any 
sense trade schools. At one such school the writer was 
informed that probably half the students never after- 
wards made any direct use of their training at the school. 

It is worth noting that trade schools are opposed by 
most of the Trade Unions. The Unionists object because, 
they say, the schools turn out a class of superficial work- 
man who is prepared to accept low wages and who may 
therefore supersede the ordinary journeyman. It is doubt- 
ful if there is much ground for this opposition. It is cer- 
tainly contrary to general experience that the man who has 
spent two or three years undergoing an expensive train- 
ing* should work for less wages than the ordinary artisan. 
As a matter of fact it is generally claimed that the students 
from these schools become foremen and managers after 
a sl^sitrt works’ training. 

y^i^his opposition to trade schools is the mor^ undesirable 
'^t&ecause, in the States, there is almosf nothing in the way 
of an apprenticeship system by means of which a man 
i^j^gpires a fairly broad and sound trainihg. 

Anothl? ground of opposition to t^ade schools by the. 
Unions is that thsse schools create an over-supply of 

» *Ttie ooDTse at the Cinciimati scllool, for instanoe^oovers three nars ; 
taftton beiog twenty gaineu per year. ^ 
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]ftboa% The idea on which thie argnij^ent i§ baaed 
permeatel trade unionism through and through. It it 
the old fallacj that there is only a limited demand^ fOT 
labour and that consequently it is ^o the intei^st of the 
Union to keep down the supply. Provided, however, that 
roughly equal opportunities ara given in all trades for the 
free growth of a labour supply there is no truth m the 
argument. PJzcept in cases of large alterations in in* 
dustiy or of temporary trade depression, an over-supply 
of labour is due to an improper distribution of labour, 
which may result either from ignorance or selfish restric- 
tion of the supply to certain branches. 

Technical Evening Classes. There is nothing in the 
States to equal the excellent technical evening classes so 
common in England. What few there are, are mostly 
supported by, or on behalf of, private concerns. The fees 
are higher than in England and the attendance small, as 
a rule. 

Many Americans are opposed to evening classes on the 
grounds that a youth who has worked all day is not in a 
fit state to benefit properly by the teaching; and that it 
pays the nation better to keep boys at school longer before 
sending them to work. On the other hand, there can be 
no question that the public elementary schools do not 
supply the place which, in England, is filled by the 
technical and commercial evening classes. In the absence 
of suitable Jay classes — and proper facilities for attendixig 
them — the evening Classes are almost a necessity. 

Technical Colleges. With few exceptions the Ame rican 
colleges and univei^ities are strongest on the t^Mmical as ^ 
distinct from the purely scientific side of the training 
they give. This applies, at least, to engineering educa* 
tionr 
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Wliere BLOi>ey haa been forthcoming * a great dgal haa 
H^^'^pent on ezpeniive machinery and equipment ^ner» 
Km Mnch of it is waste. The mistaken notion that the 
more nearly the equij^ment of a college corresponds to that 
of a conglomeration of factories and the more severely 
practical it ia, the nearer is the educational millenium, 
is largely responsible for this. 

The same criticism would not be without application 
in England. In many English educational institutions a 
sort of museum of engines and^generators is to be found. 
But engine tests in Sn educational institution are not for 
the purpose of comparing a Browet-Lindloy with a Beilis 
engine, or a Bruce Peebles with a Mather and Platt 
generator. The constructive details, in nine cases out 
of ten, count for next to nothing from an educational 
point of view, and there is this fact always to be kept in 
mind : that a student may have time to cany through a 
series of related and really educational exj)eriment8 on one 
machine, but if he has to cover three or four in the 
short time at his disposal, ho will acijuire little more than 
a mass of disconnected meaningless data. 

In higher educational work, data should illustrate and 
enforce the underlying principles. Some people hold the 
reverse to be true ; that the principles are only useful to 
illustrate current practice. This, however, is never wholly 
correct, and is only approximately in technical as distinct 
from the higher scientific educution^Technical training 
should be for those who by reason of lack of time or 
jj^lity — especially the latter are not ^competent to re- 
ceive an^ make good use of a broa||er training in the 
underlying principles or science of tlie subject. 

•Th«gift« to American nniverliticH are otticialljr hUUmI average 
about two million poundn annaally. 
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In <)ther words^ -technical'’ training ^ its limited 
sense, is i training in the art of industry. If, howoTer, 
the industry is to make substantial progress; if it ij to 
take leaps and not merely to crawl ^from point to point, 
then its leaders must be men who know the science of the 
industry and who can see and make use of the connection 
between apparently diverse things. * 

Of course, the writer does not want to give the im» 
pression that in his opinion technical ae distinct from 
scientific training has no* legitimate field. On the con- 
trary, so far as mere numbers ^ go, the legitimate 
field of technical education — with as much scientific 
education added as can he thoroughly acquired — ^is 
immensely voider than of scientific education. And, 
too, in view of the obvious fact that even the 
most advanced students require a reasonable amount 
of art to be added for direction, illustration and variety 
in their science, it would be folly to draw a strict line of 
demarcation. 

Still, it is convenient to say that a technical school 
should devote itself more particularly to the art of an 
industry, and a university to the science. 

It should be pointed out, however, that the word science 
as here used, means something more than is usually 
understood. 


Science, a| commonly understood, is a very limited 
thing. To calcul^t^ the thermal efficiency of a power 
plant is scientific — in the ordinaiy sense — whereas to 
calculate its commercial efficiency — its eamin^*capa citv 
as compared with the maximum possible earning capacity 
obtainable from an equal expenditure of capital and 
labour — is unscientific. , 

Ntlw that is not as it should be. Why is economy of 
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of moi%acc<miit than eoonoilj of money and all 
money can buy Why » it acientific to^deei^ a 
pladt td^ use the minimum amount of coal, and not 
mientific tp deaign ohe to use the minimum quantity of 
ill olasaea of materials— atone, copper, brick, glaaa and 
abour aa well as coal? There is no reason except that 
}ur Imowledge of the principles of this broader science 
ia too meagre to enable us to formulate its laws with the 
same precision and mathematical accuracy as those apply* 
ing only to the more strictly physical science. 

We can, however, <io a great deal to put the commercial 
or the “ cost ” side of engineering on a scientihc basis. 
We can demonstrate simple methods of estimating the 
most profitable combiuation and arrangement of machines 
and plant to perform a given duty. 

The mere fact that we can only do a little, as yet, is no 
argument against the teacdiing of this broader science. 
One function of universities is to open up new modes of 
thought and new roads of progress. 

The technically trained man is more imumliaieJy use- 
ful in most situations than the one s(‘ientifically trained. 
It is possible, however, to give the scientific training such 
a form as to partially remove this ^lisadvantage. The 
great drawback to the recognition of the value of a scien- 
tific training lies in the students themselves, A majority 
of the students who take a university courjjo are better 
^filtod to profit by a technifal rath^ than a scientific 
training, and on leaving college they at least do not 
^constitute a good advertisement for it.* At Cornell, in 
America, a rigid weeding-out processes followed, so that 
only the most suitable students get through to the most 
advanced classes. This pryceeding is r|iher rough on 
tbo rejected students, and prebably a better method wmld 
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he to^iaye a four years' course of study. The first three 
year 0 would qualify for the ordinary degree, but a four{h 
year — to which only suitable students would be admitted' ^ 
— would bo necessary to obtain the^honours degree. Aji 
exception to this rule could be made im the case of those 
who were well advanced on entering the college. Such 
men would miss the bulk of the first year work, and a 
three years* course would qualify them for the honours 
degree. 

A feature of American* college training which did not 
favourably impress the writer was the system of ** recita- 
tion.** Briefly, it amounts to this. A student is told to 
study so much of a prescribed text -book for the next lesson, 
when he has to answer questions on the portion prepared. 

At one university the writer was informed that no 
lectures in engineering were given except for the subject 
of thermodynamics, and then only because the professor 
could not find a suitable text-book. The recitation classes 
were taken by assistants on the staff, so that the students 
saw very little of their pirofessor, and the value of 
his knowledge and thought was practically lost. The 
university professor should be able to impart some- 
thing to his students outside the limits of any text- 
book, and in any case it is a fact which few who 
remember their own student life will deny, that all 
students learn better if rea<ling is coupled with con- 
siderable personal^ explanation and enlargement on 
points of difficulty and importance by a person of 
ability and authority. It is well-nigh impossible 
for the average ^tudent to obtain a true perspective 
of his subject, to gauge the relative importance of this 
and that portion, unless aid^ by some oral explanation 
an4 enlaiigement. Complaint is made that some pro* 
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liffon m delating too muck time to oommltiiig pmictioea 
able to give a very thorough attention* to their 

AttUude/ff Emploj^rs. Americang have devoted more 
attention to the ai;^ of engineering in the colleges than we 
have in England, with the result that, as a body, their 
students are more immediately useful on leaving college, 
and indeed a college with a good name finds no difficulty 
in placing its men immediately on graduating, at salaries 
of from £160 to £250 a year. Allowing, say, 40 per cent, 
off for the extra cost 6f living in the States, these salaries 
greatly exceed anything within reach of the average 
Englishmati on leaving college. 

The American employer undoubtedly recognises the 
value of a technical training, especially when combined with 
a fair proportion of science. Probably he would welcome 
the college>trained man still more if his training had 
included the science of manufacturing and industrial 
economics. It is a noteworthy fact in this connec> 
tion that many of the best college graduates are drafted 
into the commercial and organising branches of 
engineering. 

Workshop Experience. There is one feature, among 
others, of an engineer’s training which the college can 
hardly hope to supply adequately, although it might do 
something. There is no more important study for a 
works’ or business manager than the ftudy of men. For 
one man who can run a body of men there are half a 
dosau who con lun a gang of machines. 

One oi advantages of a vrorkth^)p training to the 
futuie manager is that he meets with the men whom he 
will some day control, on a footing of equality. If he is 
wise he will study them and their modes of Piought. He 
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will five a tympathetic ear to their grumbyngs and main 
a ncjfce of Uieir failings and weaknesses, for it pays to know 
what lubricant will make the human element in a sho]! rav 
most smoothly, just as much as it does to understand the 
lubrication of machinery. 

The above is a very strong res^on why a shop training 
should not come too early in the career of a youn^ engi- ^ 
neer, and suggests that university students had better 
take the bulk of their shop training after leaving college. 

The acquirement of mechanical^ skill by the college- 
trained man of ability is of little consequence, although 
many engineers regard it as the whole thing. #The writer 
well remembers the scorn of a well-known engineer as ho 
told of a Whitworth Scholar who applied to him for a job, 
and on being asked if he were a turner or a fitter replied 
that he could do those things but was not an expert at 
them. “What,” exclaimed this eminent engineer, 

“ could the poor man do ? ” 

Recreative Education. There is one phase of educa- 
tional work which has not as yet been developed as it 
ought; indeed, it can hardly be said to have been developed 
at all. 

The writer refers to the recreative side of life. How 
many people have acquired the faculty of spending their 
spare time with profit and pleasure to themselves and the 
community? The time is gone for ever when the manual 
worker was busy Irom sunrise to sunset, when railways 
and newspapers were unknown to him, and he was content 
to work, eat and ^oep, and do very little else^ Working 
hours have been shortened and most people have a few 

hours a dav to call their own. 

• • 

•But how •many have learned what to do with these 
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y«r7 few; and in that lies a terioes b]pt bn our 
Mmtioiial system and a grave danger to our civilisation. 
^We are awake to the necessity for technical education. 
We must, too, be broJ|;^ht to see the equally great necessity 
for a recreative education. Particularly is this so in our 
large towns with their dense slums, their hustle, their 
unhealthy excitement and their lack of those intimate 
.social amenities which do so much to keep the average 
man clean and healthy minded. 

It is true that a little has been done towards giving 
children a recreative education. Nature study is now 
quite popular. But nature study is no solution, although 
It may be part of the solution. Any solution must be 
broad and simple. Broad that it may link up all classes, 
and simple that it may appeal more to common sense and 
our better instincts than to any more or less intimate 
technical and scientific knowledge. 

It is a difiScult problem to solve, but it is not too much 
to hope that some of the enthusiasm and energy which 
can be aroused by the struggle for industrial progress can 
be enlisted in the cause of that more important thing in 
life— liting. America is an excellent illustration of the 
need for a recreative education. 
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CHAPTER IV. , 

American Tramways. 

The development of the electric tramway — or street rail- 
way as it is usually called — has been so extensive in 
America that its main fea*ture8 are worth noting. 

Practically the whole of the street railways are owned 
by private companies, although the last two or Jhree years 
has seen a marked advance in the municipal ownership 
campaign. The municipal elections of 1905 in Chicago 
were fought on the question of municipal ownership of the 
various street railways in the city. The result w’as a 
tremendous majority for the municipal ownership party. 
Owing, however, to legal difficulties, financial obstacles 
and dissentions among the leaders of the movement^ prac- 
tically nothing has been done so far, towards securing the 
street railways for the city. 

As a rule there is only one street railway company in 
each tow’U, but in the early days it was no uncommon thing 
for two or three franchises to be granted to separate 
companies in each large town. In most cases of such 
divided frnftichises, the separate companies were merged 
into one, ChicagO‘il>eing a striking exception, and in ,a 
somewhat special sense Now York is another. 

In the process of amalgamation it, not ,in frequently, 
happened that a gftod deal of water was added to the stock. 
In one of the very large towns in the States such an 
unalgumation* or series of emialgamations, took place^ and , 
sufficient water was added to prevent the concern making 
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a dmdend, i Uhougb all the conditions of the a^nri^e were 
extremely favourable. The directors no doubt feoh quite 
isaiisfied, for besides their fees, the process of amalgama*' 
tion added a few miEions to their pockets. 

Inter^urban Ngutes. These street railways are, however, 
by no means confined to the towns. The inter-urban traffic 
has been and is being, developed to a remarkable extent. 
In the state of Ohio, for instance, the electric traction 
system (on the ordinary roads) is so extensive that sleeping 
and dining cars are provided (in certain routes, and it is 
possible to travel over JlOO miles on the street railway with- 
out changing cars. 

These very long runs are exceptional and are hardly 
likely to develop- so far as the actual running of very long 
single journeys is concerned —to any groat extent. What 
is on the increase, is the development of the street car 
system between towns of from 5 to 50 miles apart. The 
cars on these routes are heavier than the ordinary town 
cars, and much higher powered. Thus one car on the 
Cincinnati and Indianapolis lines carried four 76 horse 
power motors, or no less than 'iOO horse power jier car. 
This car was a double-truck car wilh provision for inside 
passengers only. Kunning spccjls of 40 and 60 miles an 
hour between towns are common, and in some cases between 
50 and 60 miles an hour is attained. When running in 
the towns themselves the car is, of cojirse, slsiwed ilown to 
the ordinary town speed which is usu^illy somewhat higher 
than that obtaining in England. 

On some of these inter-urban roads there an? certain 

*• 

stopping places of from one to five miles apart, whilst on 
others the car wiM stop at any farm or cross road. 
Between towns the trax k istcrommonly placed to one side 
of the road and the rails seldom cmliedded in sets or 
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grmnS oi^anj sort, being spiked on to sleepe^n much as pjQ 
ordinary steam railroads. 

As a rule, the fares are in fiv-e cent stages, and are fi^m 
20 to 60 per cent, lower than on thi steam roads, which 
latter are generally three cents a mile. » 

Freight Service. Many of the American street railways, 
and particularly those with an inter-urban connection, are 
developing a considerable freight service. To some extent 
this work serves as a collecting and distributing service 
for the steam roads, but itluch of it is quite independent, 
and to a cerain extent in competition' with the steam road. 
Farmers and tradc'smen situated near to the tracks, in 
particular, find it a help. For this local service it is 
generally <‘heaper than the steam road. Special freight 
cars are often used. 

Town Serciee. In the towns themselves the car service 
differs in many respects from standard English practice. 
With one exception (Minneapolis), the writer believes 
that none of the street railways have adopted the two- 
decker car. The reasons for this are partly climatic. In 
the northern states the winters are too severe to admit of 
outside passengers unless the top deck were covei’ed in. 
The southern states have, as a rule, followed northern 
practii^e. To some extent this objection is negatived by 
the fact that most of the northern towns have special 
summer car| open at and entered fi-om the sides, but 
having no upper c^Jvk. In any case, too, the top deck 
could be covered in. 

Another reason given is that the waste of time at 
stopping places wj^ilst passengers descend from the top 
would be too great. In England the top is mostly used 
by men, and it^is the inside women passengers who usually 
delay the cus at the stops. As a matter of fact the 
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objeciiop of the American to the doiible-deckei«i 0 tnat he 
doea not understand it. *' 

!irhe tendency in the States is towards the double-bogie 
car as ag&inst the single-truck car. The street cars there 
are so very exteifsively used — more so than in England — 
that the traffic density is very heavy, and when coupled 
withi^the fact that there is no upper deck, the utility of 
the larger car is often very marked. The state of the 
track is generally poor, and particularly so at the points 
and crossings. Bogie cars, of course, ride over this bad 
track much more smoothly than the single-truck cars. 

All car^in the northern states are heated during winter. 
In general a stove is used, hut electrical radiators are 
fairly common and hot -water pipes, fwl from a boiler on 
the car, have been used. Inter-urban cars sometimes have 
lavatory and other conveniences on board. 

Standing in the cars is carried to excess. In one small 
single-truck car in Pittsburg in which the writer was, 
there were at one time til or iH‘ople (all inside 
passengers); and in tlie same town the writer saw cars 
packed full inside and with three or four youths standing 
on the bumper round the outside of the back of the car. 
Ventilation is very defective, although most of the windows 
open when required. 

Power lirakvK, A fair number of the cars have power 
brakes, usually air brakes supjdicMl with ctanpressed air 
from a small motor-driven compresso;' carried on the car. 
These air brakes are nearly universal on the heavy inter- 
urban carSj^^n account of the braking power required at 
the high speeds attained, and for blowing the whistle 
(which latter is very wasteful of air). 

The advantage of the air, ar other power«biake is that it 
enables the brakes to Im^ put on or of! completely and in- 
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0tajDt8ner)U8ly. With the hand brakes the adjustment of 
;the bi^ke shoes has to be so close that it generally happens 
that they are not fully removed from the wheels im* 
mediately on starting up, with the result that considerable 
power is expended in overcoming thdlr friction. In 
crowded thoroughfares the brakes are more or less always 
partially on, as otherv^ise the driver would not be able to 
apply his (hand) brakes quickly enough for the conditions 
of the traffic. With power^ brakes this waste power due to 
partially applied brakes is avoided, and owing to the more 
complete control the driver has over the car, higher ac- 
celerations and higher speeds are practicable .1. Indeed, 
according to scone independent tests made on similarly 
equipped cars save as to the brakes, it was found that the 
power required was less for tlie air-brake car in town 
streets, but more (only a few per cent.) in the open country, 
showing that under town conditions the extra power re- 
quired by the compressor is more than offset by the saving 
of waste power at the brake shoes. Although most of the 
cars using air brakes carry their own individual com- 
pressors, yet in a few instances — notably at St. Louis — 
the air is compressed at small power stations situated at 
suitable points along the car routes— termini, as a rule — j 
and fed into air reservoirs on the cars. The individual 
compressor is practically a necessity on the long inter- 
urban runs w^ere the car service is not very frequent. 

With one or tw(f exceptions the overhead trolley is* 
universal in the States. Washington the capital, and 
New York (Broadway surface cars) are exceptions for 
which, however, thire are special reasons, mainly scenic. 
At Cincinnati there are two trolley wires per car, one 
l^ng for the feturn currenf. This system is, however^ 
quite obsolete pnd was installed on account of a clause in 
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the franchise granted to the tramway oomp^y.^ Im- 
mediately the cars get outside the city limits the return 
titSley is hauled down and the rail return used. In many 
cases the American Areet cars carry two trolleys, neither 
swivelling, and only one being in use at once. Such an 
arrangement is unsuitable for double-deck oars. 

Cdfifle and Horse Cars. Although the electric cars are 
easily first, there are still a few horse cars (Chicago, San 
Francisco and New York for instance) on feeder lines and 
some cable cars, as in Chicago* and San Francisco. The 
cable cars in San Francisco are used on account of the 
steep inclines in some parts of the city. Those in Chicago 
have not this justification, nor indeed any justification 
beyond that of being there. They are a great hindrance 
to the street traffic of all kinds, and will probably have to 
give way before long, to the electric cars. The cable 
system is altogether too liable to stoppages, is too inelastic 
and a great nuisance at crossings. 

Car Speeds. Car speeds in America average somewhat 
higher than in England, although the writer does not 
think the difference is anything like as great as some per- 
sons imagine, except in the <*a8e of inter-urban cars. 

Where the American cars do gain on ours is in having 
shorter stops and higher accelerations. In crowded streets 
these two factors count for more than high running speeds. 
We, in England, would do well to imitate theoAmericanson 
jthese points. In particular great promptitude in getting 
on and off the cars is desirable. 

Car Fare^ One of the things which strikes a stranger 
in the States is the system of fares von the street cars. 
With very few exceptions a city franchise is granted to a 
compAAy on condition that not more than five cents (2|d.) 
Whall be charged for one journey whatever the distance, 
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provided ^onljr that it lies within the city Hmita. Theei 
liniit# are generally very wide and include moat of the 
urban districts attached to the4own. ^ 

Transfers. In many cases another clause in4he IranA 
chise requires the grant of free transfers, to which 
ference will be made later. By the use of these transfers 
one fare will allow a person to make his journey on two 
(and occasionally three) different cars connecting at some 
place stated on the transfer ticket. In Philadelphia trans- 
fers cost three cents, or a tfttal of eight cents for one semi- 
continuous journey. In some toWns no transfers are 
granted at all, but as a rule they are free. In one town 
(Milwaukee) not only are transfers granted free, but by 
taking a dollar’s worth of tickets at once, the price |)er 
ticket is reduced to four cents. Milwaukee has certainly 
one of the very best car services in the States, certainly 
infinitely better than its neighbour — 85 miles away — 
Chicago. 

Uniform Fare. In none of the towns themselves did 
the writer come across a fare graded according to the 
length of the journey. 

Undoubtedly this uniform fare system as appli(Kl in 
the States is a dear system, as compared with the service 
in, say, Glasgow or Manchester. It is tnie, as we are 
often reminded by Americans, that in the large towns 
one may trayel a very long way for one five-cent fare. 
Thus there is, the writer believes, one journey in Brooklyn 
of no less than 21 or 22 miles, and another in New York 
of 13 or 14 miles, whilst in several large towns one may 
go 6 or G miles for^ the five cents. 

If people always went the full distance travelling in 
the large towng would be fajrly cheap. As a matter of 
fffet very fe,*v people do go the full distance, which is 
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mally acrcN# the town from one outskirt to th^ 0 f/f> 08 ite. 
In Uanchester or Glasgow the average fare is libout 
s;2 ^ots — one English penny — as against 5 cents in the 
States. Indeed, it is substantially accurate to say that 
car fares in the S^tates are from 2 to times as expensive 
as in England. Outside the city limits an extra fare of 
five, ‘ten or more cents, according to the distance, is 
charged. 

The arguments are not, however, all against the uniform 
fare — it does not need to be* five cents. Indeed, the 
writer wishes to rec<iinmend tho adoption in England of 
a modifio(^ f orm of the American system. 

The chief argument in favour of tho American system 
is economic and social. Under this system it is as cheap, 
so far as car fares go, to live two or three miles from 
business as to live one mile. There is, therefore, much 
less reason for living close to tlio workshop and office. 
Undoubtedly this system en(‘ourage8 a healthy growth of 
the outlying districts. 

Consider the average large English town. The car 
fares from the business (juarter to the residential districts 
vary probably from a penny to threepence. The working 
man when choosing a house has to give this serious con- 
sideration, paiiicularly so if he has a large family. The 
result is that there is a (uiistant pressure directing his 
choice towards a house near the centre of^he town and 
•forcing him from the outlying suburbs to the grimy, 
dismal and noisy central districts. 

In America things aie different, Ji'he car fares exert 
no such pressure, and this fa(>t has undoubtedly 
strengthened that feature of American ^housing condi- 
tions which is very much to her gain—namcly, the con- 
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pftrfttiVe ^ck of overcrowding in the large (Chi<)ago 
and New York are rather special cases). 

The pverage American town contains two, or more 
usnally three, pretty well defined districts. In 4he centte 
there is the shopping and business district with its tall 
buildings and every foot of land in great demand ; whilst 
enclosing it and extending away in all directions are the 
residential districts, in which there is much less crowding 
together of houses than is usual in England. The third 
district is devoted to mitnufacturing. Its location de« 
pends on local circumstances. 

So far as car fares go it is as cheap to live on the out- 
skirts as near the centre, and the difference in lime is not 
great, provided a fast and frequent service of cars is avail- 
able. The advantages of living some way out are too 
obvious to need extensive (*omment. In doctors’ bills 
alone it is worth a good many dollars a year to the average 
family. It doesn’t pay to live right inside a large town. 

The fault of the American system is that it does not 
accommodate, as it ought, the j)er8on who is not travelling 
to or from his work. There is a great deal of purely local 
traffic which is not pro|)eriy catered for owing to the ex- 
cessive fare charged for a very short journey. 

Combined Sy^fteni of Farc.i, The system which the 
writer wishes to a<lvocate is that of a uniform fare from 
the residential to the business districts, in combination 
with a system of cheap graded fares for local traffic. 

The uniform fare between home and workshop or office 
has for its object the spreading out of th<4. residential 
districts, and the n^uetion of i-ents. The local (graded) 
fares have for their object the stimulation of the local 
traffic and the increase in the. volume of business done for 
a^iven capitAl expenditure on track, cars and equipment; 
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pArtieiilarly ^ing the time when it ia moat D^de<1, the 
between meals. It ia a matter of common knowl- 
ilkdge that the more nearly uniformly spread over the day 
the number of passeif^rs carried is, the cheaper can they 
be carried. If a$ car system carries 10,000 people in a 
day and at the rush hours 2,000 people an hour use the 
cars, then clearly the equipment must be equal to 2,000 
passengers per hour, so that the same equipment (apart 
from the staff of men) would suffii‘e to carry 48,000 people 
in the day. In such a case th^ proportion of the capital 
charges which each' passenger must pay is evidently 
only abou^^one-fitth what he wimhl have to pay under the 
former conditions. Under the latter conditions, too, the 
costs of the staff and motive power would be very largely 
reduced — per passenger. 

In order to illustrate this combined system a little more 
definitely we will consider a hypothetical case. Imagine 
a large town of which // is the central business and 
shopping district, (/, />, and F are smaller business 
districts and manufacturing centres, the whole being 
included within a large aixni A. From ea(*h of the sub- 
centres theic runs one or more lines track to the main 
centre 0^ at which place all lines connect. Each sub- 
centre of any size has feeders, and in many cases these 
feeders will be joiuetl up to form a belt line. 

The proposed system of fares is as follows: — For one 
•single fare of a penny — it might j^osjjibly have to be more 
than a penny — a passenger can go continuously from one 
point to aivy other point within the limits /I, changing 
cars — using transfers—if noi^essary. • 

In addition there is a system of local fares of say a 
halfpenny each. These fares will not, hc^’ever, allow of 
anyone coming into the main centre froa the outsidb, 
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but appl^i only to purely local journeys. Tlfus witbin the 
area«i9 there will be a uniform local fare — with transfers-^ 
of a halfpenny, whilst the outside districts — except thef 
larger business areas which would be on the same footing 
as B , — would have a c(jmplete system local halfpenny 
fares so arranged as not to clash with the uniform penny 
fare. 

The local fares would have the great advantage — from 
the tramway managers point of view — of filling the cars 
in the intervals between •meals and thus increasing the 
ratio of receipts to capital outlay. If is this feature of the 
combined system of fares whicli should make possible a 
uniform fare of a penny in even the krgest towns. 

Another tramway reform which is very necessary if the 
trams are to appre(*iahly reduce the (‘lowding together of 
houses near the business centres, is the speeding up of the 
car services. This may he done in tlirec ways: by the 
shortening of the time at the stops; by higher average 
speeds; and by running through express cars. 

The first method is quite feasible, although one may 
expect a good deal of opposition to it. The second involves 
the use of larger motors on the cars so that they shall 
gather way more rapidly after a stop, and would be assisted 
by the use of a reliable quick-action power brake. The 
third method will in many cases necessitate special express 
tracks taken ^lown the quieter streets and having as few 
junctions, crossings, and curves as possible. Probably in^ 
many cases a single express track would be sufficient, the 
empties returning by the ordinary tracks. Jhe cars on 
the express track wi^uld all be going in or all out of town 
according to the time of the day. Continuous street speeds 
of 30 miles an l\pur would be quite reasonable, after people 
get used to yie cars. These cars would, of course, make 
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feiy few sto^, and those mainly at the two ei^s 6) the 
run. At present the average speed of our cars is probably 
^ot^above 6 or 8 miles an hour including 8to|>8. The 
principle qf the third track for express service is in success- 
ful operation on one of the Chicago street railways. 

Transfers, The American system of transfers has so 
many good points that it deserves a more detailed con- 
sideration. Although the details vary from town to town, 
yet the general principle is the same in all cases. 

One car route (‘onnccts \vi<li«anotlier at a junction or 
crossing. The coiulu tor of a car on the first mentioned 
route will give to any passenger recjiiosfing it, a transfer 
ticket onto the seiMUid route. At the point of connection 
the passenger alights from the first <‘ar and hoards one 
going along the other route, as .soon as it (‘omes up. The 
transfer is accepted as. a ca.sh fare hy tlie (ronductor on the 
second route. As a rule transfers are not granted from 
one company’s lines to th(».se rd* another, although most of 
the surface lines of N(^w York (’ity form an exception. 

In general transfers are marked with - 

(1) Date. 

(2) Time (also p.m. or a.in.). 

(3) Car route transferix^d from. 

(4) Street along which the c(»nne<ding route runs. 

(5) Direction along connecting route for which the 

transfer is good. ^ 

(C) Transfer ticket number. ' 

* As a rule, two punch holes inatfe hy the conductor 
completely determines the transfer, which are dated at 
the tramway office beforehand and an^ in colours varying 
according to the route they are granted from. 

To illustrate, consider the folh>wing example: — ^The 
writer was travelling at about 6-30 in the zuorning on a 
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Well* ^reet and Farwell Avenue car aid deeired > 
change at the junction of Farwell Avenue North 
Avenue to a car going north, at this point. It was*th^ 
twelfth day of the month. The conductor supplied a 
transfer ticket previously punched opposite the date 12. 
He himself punched it at *‘6-45” and in the north— 
a.m.” column opposite the line “Farwell and North.** 

The great advantage ai the transfer is that along one 
car route all the cars — ex<‘ept on the tracks near the centre 
of the town, which arc wmmon to several services — run 
between the same two jwints and ali are equally available 
to a passenger who may be going most of the way along 
another route. Thus a car eveiy' 5 minutes means a 
6-minutes’ service to him, whereas without transfers he 
must wait for a through ear, whicli may often mean that 
he has only a 15-minutes’ or even a 20-minute8’ service. 
Also, since the transfer is, usually, free he can complete 
a journey entirely by car, whereas if he had to pay a 
second fare for a few hundred yards rid(s he would partly 
walk. The transfer system is not difficult to work. 
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CHAPTER V. 

•Wagfcs and Prices. 

Money wages are undoubtedly higher in the States than 
in England. On the other hand the cost of living is 
higher and consequently the ratio of the American to the 
British money wage is misleadhig. Still, in general the 
value of wageS"'theii* purchasing power that is, is prob- 
ably somewhat higher in the States. 

It is diflieult to obtain accurate and precise ideas as to 
wages as one travels about fnun place to j)lace in a strange 
country. Particularly is this so in the States, where wages 
for the same kind of work vary so much from individual to 
individual. Thus the writer was slniwn the pay roll of a 
large engineering firm in the States, and the wages of 
mechanics on the erecting floor not foremen or general 
labourers- -varied all the way from 15 to 45 ('cuts an hour, 
or from 3d to 10() shillings a week. In most shops the 
variation would be less than this but would still be much 
more marked than in England. This great ditference in 
wages is a point to be kept in mind, for one is frequently 
told that, say, “mechani<*8 here earn ‘IJ dcdlars a day,’* 
whereas in all probability the average mechanic is getting 
^rom 2J to dollars a day, only s^few very good men 
obtaining the full dollars. Then again, as in England, 
there are vacations <»f wages with geographical position. 
The very large towns, particularly Chii^go and New York, 
pay rather higher rates than the average. The Western 
states are noted for high wages and high prices, and the 
Southern states for the reverse. 
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Th’V wf iter’s own impression of wages in4he American 
engitieering trades is that they rule about 60 or 60 per 
cent, higher, in money, than in England. About 25 ctnii^ 
an hour may be taken as a fair average for the skilled 
mechanic. This estimate is confirmed by the figures qi 
the American Department of Commerce and Labor in their 
report on wages in the United States and Europe, from 
which the following table has been abstracted. 

Wages and Hours in Euroce and America. 


WAGES. ^ 


Country 

S 5 

Boiler 

Makers 

Carpenters 

Iron 

Moulders 

£ 

.rzH 
c s 

Si 

ss 

Machinists 

United States. 

1000 

loo-o 

100-0 

100-0 

100-0 

100-0 

Great Britain. 

590 

60-4 

56-4 

58-9 

60-8 

62-0 

Germany 

410 

39-4 

36-2 


47*6 

48-4 

Franco 

55-2 

51-1 

4:!0 

43*1 

57-6 

49-0 

Belgium 

-- 

26-4 

19-8 

22‘8 

32-8 

. — 



HOURS. 




United States. 

1000 

1000 

1000 

100-0 

100-0 

100*0 

Great Britain. 

94'9 

95-4 

101-4 

94-5 

93-1 

95-6 

Germany 

105-9 

106-7 

111-8 


99-9 

106-9 

France 

106-4 

109-4 

121-3 

105-6 

106-4 

109-6 

Belgium 

% 


106-7 

130-9 

105-6 

111-7 

— 

In this table 

• 

wagps 

and hours in 

the States are 

taken 


OS 100, and of course the wages are merely the money 
values. It will be noticed that England leads the 
European countries (these figures refer to the year 1903). 
Prices. The value of a wage lies in w’hat it will buy 

• • 

* Bulletin of the Bureau of Labor, No. 54, September, 1904, 
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and hance tiie question arises as to how AmeHcan and 
English prices compare. This question is very difflcult 
io decide, except to say that in general prices rule dis- 
tinoily higher in the* Stales. It is all important in this 
matter to take iyto account the quality of the goods. 
Three pairs of shoes, for instance, at three dollars pr pair, 
are more expnsive than two pairs — in the same time— 
at four dollars. As regards shooi^ (boots), it may be said 
that a good quality English shm* is at least 50 pr cent, 
cheaper than the same shoe in* the States; indeed, two 
shoemakers in the S^.ates estimated the value of the 

writer’s English boots at double what they (‘ost. 

• 

Clothing, especially g4)od clothing, is from 50 to 100 
pr cent, dearer in the States than in England, winch is 
not to be wondered at when we ivmember that most of it 
comes from England, and pays freight and tariiBP in 
transit. The writer understands that a similar observa- 
tion applies to the belter classes of household linen. 
Travelling is much <learer than with us. Distances aie 
generally very long, and railway fan‘8 mostly three cents 
a mile, with very few reduced fares, and some extra fares. 
What is probably of more consequence to the ordinary 
workman is the heavy cost of local transport. Tram fares 
are uniformly 5 cents (2^d.) or more. Most of the 
smaller items are expensive, although in the eastern states 
newspprs at one cent each are plentiful.# llents are 
lygh. The average working-class fanwly in the northern 
states spnds from 14 to 15 per cent, of its total income 
on rent, or from £20 to £27 per year,* and the house used 
by these pople has about live rooms per family. Con- 
siderably more is paid in the west and less in the south. 


‘The writer doe# not know whether the#e figure# include "ate# or not. 
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All things considered, the American worfman is prolh 
ably^omewhat better off than the English workman. When, 
however, we take into account difference in the qualities oA 
goods and of prices the difference is not very great ; indeed, 
some Anglo-Americans with whom thj writer discussed 
this point were doubtful if the American had any 
advantage. 

The question arises as to what is the reason for the 
higher wages in the States. 

Is it due to the American being more energetic and 
competent than his British brother? On this point the 
Bulletin of Lnhor previously referred to gives some most 
instructive figures. An official investigation was made by 
the United States Government and data obtained from 
25,440 families, with detailed reports of expenditure from 
2,567 families. All these families were resident in the 
States. In the first place the total income of a family was 
highest when the head of the family was of Scotch birth. 
Then follow in onler families from England, Wales, 
Canada, Ireland, Switzerland, Sweden, Norway, Denmark, 
France, Germany, and the United States. After this 
come families from “ other foreign (‘ountries,” (i.e., 
general, unclassed), Holland, Austria-Hungary, Biissia, 
and finally Italy. The figures are given in the table below 
as also the amounts earned by the heads of the families 
alone. In ^this latter case Scotland still leads, closely 
followed by England and Sweden, then Denmark, Norway 
and the States. Clearly there is nothing about the natural 
ability of the Englishman which will account for our in* 
feriority, such as i^ is. Indeed, it is the general experience 
in the States — which is fully confirmed by the table 
below — that t}ie Englishma^i is at least as good a workman 
as anyone to be found in the States. 
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Eabnings of Amesicaxs according to Country of Orfiuijf. 


Country of o^gin. 

Earning 
Whole fainily. 

per year : pounds 

Head of family. 

United States 

155 

127 

Austria-Hungary .... 
Canada 

140 

105 

110 

126 

Denmark 

158 

184 

England 

171 

185 

France 

M50 

121 

Germanv 

155 

l](i 

Ireland 

101 

111 

Italy' 

Netherlands 

127 

141 

108 

108 

Norway 

159 

184 

Kussia 

m 

110 

Scotland 

179 

180 

Sweden 

• 159 

185 

Switzerland ...; 

101 

120 

Wales 

107 

126 

Other foreign 

148 

122 

is often urged, however, that the 

American - in the 


broad seiiseof the word --works harder than the Enji^lishman. 
It 18 difficult to decide this jioiiit. During a ronsidernble 
portion of the twelve months the writer sjient in the States, 
the engineering trades were very slack and hence w'orkmen 
^ere naturally not killing themselvefvwith work. On the 
other hand the writer worked at two places in wdiich there 
was no lack o^work to be done. If the American workman 
does work harder than the British workman the difference is 
not very marked. In all countries individual workmen differ 
greatly in this respect. Takof for instance, 4wo mechanics 
on the erecting floor of one of the large electrical firms in 



52 ENG^EERING AND INDCSTRlAL CONDITIONS 

the Statei, with both of whom the writer worked. One 
wa« Ae leading mechanic for heavy work, and he certainly 
did not kill himself. The other man was of quite 
different stamp, and was indeed a •typical Asnerican as 
depicted in the alarmist press. He worked hard and con- 
tinuously. No sooner had he fijiished one job — he was not 
on piece work either — than he sought out the foreman and 
asked for another job. Overtime he dislike<l. At least, 
ho said so; but somehow he always got some if possible, 
and if not asked to stop lie would seek out the foreman 
and ask was he wanted for overtiihe! Nor was he the 
only man of tliat type. ITmloubtedly the American system 
of payment according to worth is an incentive to extra 
work by those who think the game worth the candle, as 
a good many do. 

Then, too, shops differ. Some shops have a name for 
hard driving, and an impression gained in one shop may 
be completely reversed by a visit to another. 

On the whole, the writer is imdincd to think that the 
American of all classes works a little, although not a 
grind <leal, harder than we do in England. On the whole, 
too, their liours are longer than ours, many of the works 
running full time on Saturdays, except during three or 
four summer months. It is, however, probably in the 
office staffs that we find the greatest difference from 
Pluglish nietlp)ds. Here the hours are, as a rule, distinctly 
longer and the <*oy cent ration is rather more intense. 
Whether this is a desirable thing is open to question. 

Probably America as a whole is u little ahead of 
England in the use^of efficient up-to-date methods of pro- 
duction, which, of course, will react favourably on wages. 
Trade Unionises in England and to a less extent in the 
States still have an ingrained l)elief that labour-saving 
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machinery means unemployment or low wages. This 
idpa has not the same hold in America, and the reiftilt is 
that the newest and most efficient machines get a better 
chance of showing what they can do, with the lesult that 
more is pitiducedgund the individuars share of the national 
wealth — whilst not n greater percentage- -is increnawl. 
American wages are also favoiiiably intiuenced by the 
great natural i-esouices of the Stales. 

It is sometimes claimcMi that Protection has raised 
American wages. 'Fheie is nothing whatever in the claim. 
It is trut‘ that nioney"w*age8 have been raised, but so, too- 
and to a j^ivater exttuit have pri(‘es, and it is purchasing 
power which counts. With her great variety of climates, 
soils and natural products, her great area of population, 
the Pnited States is )i(»t in a jiosition to be as seriously 
affected, in a direct way, by a Prot(*ctive policy as is 
England. It is, however, the indirect results of Protec- 
tion which are most injurious in America, and these 
certainly rtnliu'e the j)uicbasing power of American wages 
quite appreciably. 

There is another reasem why .\merican wages should 
be higher than Pritish which the writer does not remember 
to have seen discussed In'fore. America spemls less on 
military subjects than we do, and hence a greater j)ropor- 
tion of her population are left to take part in useful 
wealth production, (tf course, the writer ^ not going to 
attempt a criticism of military policy, hut the facts are 
well worth luding and thinking over. Taking normal 
peace armaipf^uts and allowing for the relative prices in 
England and the States, our ex|)emjjture on armaments 
reduces the (purchasing) value of the wage by about seven 
per cent., w'hilst that of t4« I niled Stipes workman is 
only reduced by one-and-u-half j>er cent., an advantage 
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to the American of per cent. Whether this is avoid- 
able or not is another matter. ^ 

Payment of Wages. The writer was surprised at the 
number of engineering workshops which had not adopted 
some form of piece-work system of paying wages. 

The reasons given for this varied greatly. Some classes 
of work are obviously not suitable for a piece rate method 
of payment. Purely repetition or manufacturing work 

is, of course, where the piece-rate system shows up to 
best advantage. In one large works^at Montreal the men 
were largely French-Canadians, and the manager said 
that they worked steadily on a day rate (realljr a hourly 
rate), and had not enough ambition to make the introduc- 
tion of the piece-rate system any gain. The work in this 
shop — a bridge works — was not unsuitable to piece rates. 
The hourly rates of pay were, however, vari(‘d according 
to the men’s abilities — mechanics receiving about 8 
shillings a day and labourers from f) to 7 shillings. Very 
few were in any labour unions. 

At the Dominion Wire Works in Montreal, (ui the other 
hand, practically all the men were on piece work, and 
earned from 42 to (>() shillings per week. Here, again, the 
writer was told that French-Canadians lacked ambition — 
to make money — whii^h was in this case attributed to the 
exactions and repressive influence of the (’atholic priests. 

At a works in the J^ates where electric (uanes are made,, 
there was no piece-work, the chief engineer giving as the 
reason that, if the men did not work hard eni^igh without 

it, the management find not the men were to blame. 

Apart from the unsuitability of the class of work done, 
the most usuaK argument advanced against piece work 
was the trouble with the men which resulted, particularly 
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when piece rates had to he cut. We shall see wwr that 
ultimately piece rates must be cut. ^ 

• At one of the large machine tool works in Cleveland, 
employed mainly on* repetition work, there was no piece 
work, partly because there was a large number of appren- 
tices. At the works of the (Heveland Automatic Machine 
Co., engaged almost wholly on repetition work, there was 
also no piece work. The assistant manager said that a 
good man worked well without a piec'e rate, and a bad man 
they got ri<l of. • 

Mechanics there wt're getting on the average about 11 
shillings a day and working five and a half days a week. 
Tool and pattern makers got about one or two shillings 
a day more. An export set a time lor each job and a 
man’s wage was settled by (‘omparing his time with the 
estimated, an allowanee being made for extra neatness as 
against speed. 

At the Unwlfonl Machine Tool Co., in Cincinnati, em- 
ployed solely on repetition work, there was no piece rate. 
The works’ superintendent (and part owner) believed that 
a premium system did not oiler sufficient inducement to 
the American workman to make him look at it. All 
hourly rates were based on the man’s output during 30 
days' observation. The labour costs on the various standard 
articles being well known, the man was simply paid such a 
rate that the labour cost remained the same for all men. 
This, of course, makes the liigh-pri«*ed man the chea[)er, 
because fixed charges will be less jM*r piece in his case. 

At the Cincinnati Sliaptu’ Co., also employed on partial 
repetition work — i.e., standunl machines sent through the 
shops in batches — on the other hand, the premium system 
was in vogue. Another lur^e Cincinnati firm of machine 
tool makers (Lodge and Shipley) also had the premium 
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system iJ operation. At the Westinghouse Machine Co., 
in Bittsburg, the writer was given to understand that 
most of the men were on time rates, with a few on straight* 
piece and none on premium rates. At the Westinghouse 
Air Brake Co., engaged mainly on repetition work, the 
men are mostly paid straight piece rates.* At the National 
Electric Co., in Milwaukee, most of the men were on time 
rates, with some engaged on standard work under the 
premium system. 

At the Baldwin Locomc^ive Works the system of wage 
paying is unusual. Most of the wyrk is let out at fixed 
rates to contrac^tors, who engage and themselves pay the 
men under them. These contractors average 'from 6 to 
10 pounds a week, with a few as much as 20 pounds. The 
men are mostly paid time rates, and are kept pretty hard 
at work. They are said to he satisfied and glad to come 
hack after a slack time. 

It will thus be seen that hourly rates are the rule in the 
States, with, however, a fair amount of both plain piece 
and premium rates. 

OhjecUons to Piece Rates. The subject is worth looking 
into a little more deeply. It is urged against all piece- 
work systems that the incentive to make a large quantity 
in a given time blinds both men and employers to the 
vital necessity for sound workmanship. There is certainly 
some ground for this objection and particularly so where 
a busy foreman is expected also to carefully inspect all 
work done. In many of the larger shops, even where* 
there is no piece work, there is a separate inspector, whose 
sole duty it is to seejthat all work is up to standard quality. 

If this system is folIowe<l out rigidly and thoroughly 
there is no need for the quality of the work to deteriorate. 
The inspector must be a honest man in the broadest sense 
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of the term and, especially when initiating a new piece 
ra^, quality must be rigidly insisted on. 

* A very serious objection to the ordinary straight piece 
rate is the frequency with which it is found necessary to 
revise the piece jate. The friction and ill-fwling thus 
aroused, culminating sometimes in a strike, has often 
deterred both masters and men from agieeing to piece 
rates. It is sometimes claimed that if only employers 
were less greedy the cutting of piece rates would l>e quite 
unnecessary. Undoubtedly there are employers wlio have 
an objection to meclianics Indng allowed to earn more 
than, 8ay,^50 shillings a week. Any attempt to limit 
artificially the share of the national wealth to be 
distributed among the workers can only recoil to the ulti- 
mate disadvantage of both employers and employed. This 
fact was recognised by the engineering employers of Pitts- 
burg when, in April, 190o, they voluntarily gave the men 
a 10 per cent, increase in w'ages because of the improved 
state of trade. 

Hut even if emj)loyeis were angels and devoutly desirous 
of maintaining for ever a pie(*e rat? wlicn once established 
of the mutual satisfaction of masters and men, such a 
permanent state of affairs is abi^ohtiily impossible. It 
is fundamentally opposed to the economic needs and de- 
mands of the community as a wh(dc, and such being the 
case either the industry or the piece; rate jpust undergo 
radical modification. Pi<*ce rates have often been cut 

V 

without just reason; but piece rates cannot be jieimaitent. 

What is the aim and obj<*ct of a piece rate?^ Is it not 
to improve the efficiency »»f production , t«) induce a man 
to make more than he previously didi' Now, if more 
be produced per man, then ejther the quantity sold must 
increase or — in the long run, temporary fluctuations neg- 
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' lected — tie number of men employed on the work must 
decrease. The latter alternative cannot be a final c^e. 
If it was, it would mean that as the efficiency of produc^^ 
tion increased — us it is continually doing in most industries 
— ^an increasing proportion of the able>]^odied men would 
become unemployed. Such a state of affairs is politically 
and industrially impossible, and if possible it would be the 
worst thing possible for all industries to reduce the pur- 
chasing power of the masses upon whom, ultimately, all 
industry depends. An engineering works or an iron mine 
may not sell its products direct to»the worker, but if he 
did not exist to use them precious few of the former would 
exist either. 

Consequently, it is an elementary fact that (considering 
industry as a whole) incu’cased efficiency of production 
must be a(.‘companied by an increase in the quantity sold, 
and this means -as the tendem^y of pri(!es during the last 
thirty years has shown — that prices must fall. 

To a slight extent the straight [liecc rate allows of this, 
because it tends to somewhat reduce the “fixed charges" 
cost per piece, and also liecause the piece rate is usually cut 
before ever it is put into operation. In most cases, how- 
ever, a cut in the piece rate becomes necessary if the 
piece-rate system effects the desired eiul of materially in- 
creasing the efficiency of production. We may illustrate 
this by a hyjiothetic4il example. A hundred men are em- 
ployed in an industfy making a certain article; the costs 
of manufacture and selling price being given below for 
the original conditions and also for the conditions when 
an increased efficiency of production has been obtained. 
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(1) Origitial Conditions, 
too men make 1,000 articles. 

Selling price at 100 p^r piece = 100,000 

Material at 25 pej piece 25,000 

Salaries, works burden, etc., at 50 pt‘r piece = 50,000 

Left for labour at 25 per piece = 25,000 

Total = 100,000 

• 

(2) New Conditions^ Piwc Rate in Full Operation. 
100 men make 2,000 arUcIcs. 

Selling price at 80 per piece = ](>0,000 

Material at 25 per piece =r 50,000 

Salaries, etc., at 87 per piece = 74,000 

Left for labour at 18 per piece s- 80,000 

Total = 100,000 


We see tliat tlie incr(*aHed etticiency wliicli may l>e due 
to other causes than the introduction of a piece rate — 
necessitates the reduction in the piece rate from 25 to 18, 
although the various establishment charges have been re- 
duced from 50 to 87 per piece. 

Of course in an industry of any magnitude the influence 
of an increased efliciency in one linn wddom appreciably 
affects the output of the indirstry as a wholt, and hence 
there will be no need to cut the rate<ao long us the other 
Arms stick to the old methods. The tirm which adopts an 
improved meti^od before its rivals will - if well managed — 
make a healthy profit. Those who wail»until the majority 
follow suit will gain very little, a point which is, probably, 
not too well understood in Kftgland. • 

What is badly neede<l is some recognised automatic 
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means of cutting piece rates. There are two methods 
com&only adopted which partially supply this want. ^ 

One is the almost universal stipulation made when fixin|f 
piece rates that a change in the piocesses of production 
shall be accompanied by a revision in th^ rates. Frequently 
new methods are devised mainly with a view to securing a 
revision of the rates. 

The other method, which has found some favour during 
the last few years, is the premium system. There are a 
number of these systems %ut the principle of them all is 
the same. A man is entitled to a c^tain hourly rate. He 
is given a certain time — and therefore a certain price — to 
do a job, and if he does it in less time than this he receives 
some fraction (usually one half) of the pay saved on the 
job, in addition to his hourly rate. For instance, his 
hourly rate is 20 cents and he is allowed ten hours, but 
only tak(*s six, thus saving four. Then his premium is 
two hours pay and his pay for the job is six hours pay and 
two hours pay as premium, or in all 160 cents. This is at 
the rate of 26*7 cents an hour, whereas if paid on the 
straight piece rate he would have received the full ten 
hours pay in the six hours worked, or 33 )1 cents an hour. 

Of course, it is impossible to devise a premium system 
which shall fit all the varied industries and branches of 
industry, and in consequence a premium system will not 
altogether t^oid the necessity for cutting or adjusting 
rates, although in gfcneral it may be an improvement on 
the straight piece rate in this lespect. In another respect, 
which we shall consider shortly, it is (listinotly inferior to 
the straight piece ijjite. In most premium systems a man is 
guaranteed his hourly rate even if he takes more than the 
allotted time. I , 

In connection with the adoption of piece and premium 
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pi6C6 ratcB it may be tbou|^ht that there is no necessity or 
jusjice in paying men engaged on the same work diffient 
piece rates or different hourly rates. This, however, is 
not found to be the case, and in this connection it may be 
interesting to give the experience of an American works 
making small motor-<lriven air compi'e88»)rs. 

In normal times there were about half-a-dozen men 
engaged in assembling these machines. All machining 
was done for them, although a little tapping, fitting of 
gaskets and final scraping of the bearing surfaces was 
left for them to do. l^cse men all worked on the premium 
system (prtjpiium equal to half the saving). The prices 
had been set by watching them carefully when the system 
was introduced and deducting 25 |)er cent, from the best 
time after the men had got into the swing of their work. 
The time allowed was the same for all the men, hut the 
hourly rates varied veiy conshlerably. 

It was found that the cost of assembling one of these 
compressors under the premium system — and all the men 
earned large premiums -was Jrax the greater the hourly 
rate paid to the man. In other words, even under the 
premium system, the do cents’ man was (‘heaper than 
the 30 cents’ man, and he again was cheaper than the man 
earning 27 cents. It may be noted in passing that the 
man who was best at the work was an oldish man with 
grey hair, who was never in a hurry, hut \^io was very 
systematic. 

Two F ynettoHs of a Wage Syalem. This brings out 
the important point that a wage system has to produce 
two different and frequently opposing Results. 

In the first place the pay should be distributed among 
the men in strict projairtion ty their value the employer 
(who represents the community in this respect). On the 
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other hand the system should admit of an autcnnatie 
adjustment of the piece rate with the selling price, yhe 
one result requires that rates of pay should increase wit|| 
the efficiency of the individual; the other that rates of 
pay should decrease with an increase in the general effi- 
ciency of production. 

Let us consider the first point a little. The cost of the 
finished product is due to wages, material, selling expenses 
and works’ burden (including management, interest and 
depreciation). The only •two of these costs which vary 
with the individual worker are the wages and works’ 
burden. If .1 reduces tbc total cost of production as 
compared with B by two shillings a piece, then clearly 
he is entitled to the extra two shillings, although it is 
frequently said that the employer has a right to a part 
of the saving. This, however, is not true, for clearly the 
saving is not due to the employer’s foresight, improved 
machinery or management, since these are the same which- 
ever workman produces the article. 

In order to illustrate more definitely, the following 
example has been taken. The figures in the top line give 
the times taken by various individuals. The second line 
gives the works’ burden, so that the sum of this cost plus 
the wages cost should bo the same for all the men. In 
this way the wage per piece and the equivalent time rate 
have been calculated. 


IlELATivr: Wagi^ for Vartocs Working Sceeds. ^ 


Time taken 

14 

12 

10 

8 

C 

5 

4 

Works burden.. 

120 

110 

100 

90 

80 

75 

70 

Wages 

80 

90 

100 

110 

120 

125 

130 

Total 

200 

200 . 

200 

200 

200 

200 

200 

Time rate 

5-7 

75 

10 

1T7 

20 

26 

32*5 
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l!lie above discuasion brings out two or three points. In 
tb^first place it is clear that speaking broadly, high ^ges 
^y lor themselves, and that it does not pay to get inferior 
men at low wages. 

In the second place it shows why even when (>n piece or 
premium work, oft men who have lost their vigour and 
skill — this does not apply to all old men -are found to be 
unprofitable and get their discharge. 

To turn for the moment to the question of rate cutting. 
We have seen that the piemiufti system effects a partial 
and imperfect solution^d’ this ditficiilty, and that moreover 
it acts in (Hreet opposition, in most cases, to the proper 
division of wages amongst the individual workers. 

Perhaps the best s(dtition of the rate-cutting pnddem 
which the writer has met with is that adopted by the 
Ingersoll-Sergeant (’o. at their Pliillipsburg works. Prac- 
tically the whole works is on pi(*<‘e work. The piece rates 
are revised once each year at a conference between members 
of the firm, the office staff’, the men and a representative 
of the Trade I n ion (although the shop is a non-union 
shop), and the revision is made with a view to enabling the 
men to earn about 2b per cent, above their time rate of 
pay. The rates are only revised at these yearly con- 
ferences, and any increase in efficiency, whether due to 
the men or to improved methods of production, is allowed 
to go wholly to the men until the next yejjrly revision. 
This acts as an incentive to the men,^who know that they 
have up to a certain date in which to make, if possible, 
fabulous wag^. 

Payment according to \V otlh. In t^e Pnittjd States to 
a far greater extent than in England a workman is paid 
according to his worth, and thjs is, the writv believes, one 
reason why piece-work systems have not been more exten- 
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BivelV adopted there. A man’s time rate of wages ie generw 

allyfixed by the foreman partly from a knowledge of^the 
man’s previous wage and partly by observation. If th* 
foreman fixes the wage too low th# man takes the first 
opportunity to get a new shop, and if on the other hand 
he receives more than he is w«rth, he either has to accept 
a reduction or take an early discharge. 

This system is not only conducive to efiiciency, but is 
also just to the men and minimises the evil of unemploy- 
ment, although Trade Tfnionists generally oppose it on 
just the opposite grounds. They etill believe that there 
is, roughly, only a certain amount of work to be done and 
that it is therefore unwise to allow one man to do more 
than his “ share.” All history and common sense teach 
us that, except in a very restricted sense, this belief is a 

fallacy. . ^ 

Unemployment. During the early part of the writers 

stay in America the engineering trades were exceedingly 
dull, and yet the Aincrh^aii papers gave more space to 
comments on unemployment in England than to that in 
America. It must not be imagined that the States is 
without its unemployed ; but there are some things to be 
learned from the Americans in this matter. Undoubtedly 
the American has little sympathy with an unemployed 
man, and particularly so because the unskilled workers 
(who suffer most) are largely Italians and other 
“foreigners.'^ 

An official report •'oased on returns from 25,440 families 
in the States during 1903, when trade was brisk, shows 
that half the worker8(49-81 per cent, to be precise) were 
idle at some time oc other during the year, and that on the 
average those idle were idle for about 9| weeks in the year. 
'The table of censes is interesting. “ Unable to get 
accounts for one-third, whilst slackness of work and 
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iiniiftr emm Moouiit lor aearlj one-fourth; «o that more 
ImJI of them were in the ordinary eenee of the Wd 
;;j||m;mkployed.^ Amuming that the idlenen ia uniformly 
! ept'tod over the year U amounta to nine per cent.» a high 
Jlgiiie when we remember that the families conaidered 
were representative working-elaaa families. Leaving out 
iicknesB, vacations and the like the percentage unemployed 
drops to about five. 

The reader is warned against comparing these figures 
too closely with the returns made by British Trade Unions.^ 
The moat serious sufferers from unemployment are the 
unorganised^ unskilled workers, who are included in the 
American figures. 

It is difficult to form a correct estimate, but the writer 
believes that continuous unemploymont — and perhaps 
average unemployment — is rather less in America than 
with us. This opinion is widely supported by Americans. 

There are great extremes of employment in the Slates, 
due in part to the nutnral temf»erument of the American, 
but also aided by the Protective tariff', which makes corners, 
trusts and other price-controlling influences more effective. 
Protection itself cannot, the writer believes, directly 
affect the average state of employment. Its effects are 
indirect and wholly bad. The ihecuy that expenditure 
or armaments creates employment receives no support 
from logic or the state of things in America. 

The chief reasons for the better slate of employment 
in America are— 

(1) Greater mobility of labour. 

(2) Greater mobility of cupitai. 

(3) Comparative ab.scmce of Htundfrd and minimum 

wages. 

(4) Non-enforcement of«“ exclusive” •trade union 

doctrines. 
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The influence of the fir$t condition is least in the eastem 
sta&s, but in most states the workman is very readjy to 
adapt himself to changing indukrial conditions. In thii 
he is assisted by the inability— an d» in some cases the lack 
of desire — on the part of the Trade ^Unions to restrict 
given classes of work to their own particular members. 

The standard rate of pay and the minimum wage are 
responsible for much unemployment. Clearly if an em- 
ployer has to pay all men a certain wage, which only 80 
per cent., say, are worth, the other 20 per cent, will only 
be kept in place by the necessity getting the work done 
by a certain time. If, however, each mantis paid just 
what he is worth there is no more reason for discharging 
one than another, with the result that even if the total 
of employment remained the same — and the writer believes 
that it would be improved — yet unemployment would be 
more evenly spread and its evils greatly mitigated. In- 
deed, under such an arrangement it would pay most firms 
to run short time rather than to discharge a portion of 
their men. The action of a minimum wage is quite 
similar. What employer is going to pay, or could afford 
to pay, a man 35 shillings a week when the man is only 
worth 30 shillings? 

It will bc^ at once objected by Trade Unionists that 
without a standard, or at least a high minimum, wage 
they cou^ not effectively bargain with the employers. 
This is not so, hqwever, for there is no reason why they 
should not bargain for either a certain minimum average 
wage or for the condition that at least t;wo-thirds of the 
men should receive not less than a certain wage. 

But, after all, the unemployed in the skilled tradiii 
not so badly off — nor so piumerous — as those in the US^ 
skilled and unorganised trades, and no solution can be 
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found to the unemployed problem which does not thke 
them into account. 

We cannot go into detail here as to all the real or 
supposed causes of ufiemployment amongst the unskilled, 
but a few points Jre worth noting. Their case is all the 
harder because being, as a nile, unorganised, they have 
no out-of-work pay and no Union to exert a healthy and 
character-forming influence over them. Chronic unem- 
ployment makes a man unempjoyahle. 

One cause of this unemployment is the action of the 
Trades Unions in aVtempting, with some success, to 
restrict the«supply of labour in their particular trades hy 
restricting the niimhcr of apprentices and hy confining 
certain classes of work to certain trades. Such action 
keeps out many otherwise capable men and leaves them 
only the ranks of the unskilled, which become too big in 
relation to the numbers of skilled workers, for it must he 
remembered that the unskilled depend largely on the 
skilled for their work. There is u rough and somewhat 
elastic ratio between the numbe^rs of the various grades 
which are employed. 

There will always be unemployment — although not 
necessarily suffering due to it — but it can be reduced by 
abolishing the standard and minimum wages; by abolish- 
ing the exclusiveness of the Trade Unions, and by training 
the worker to adapt himself more rapidly im the varying 
wants of the community. 
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CHAPTER 

American £ngineerii\g: Workshops. 

It would be easy, were it desirable, to pick out certain 
American enpineerinj^ works whicb are worse organised 
and equipped than the ^iverage British shop. Such a 
picture could, however, do little good. The presence of 
third-rate shops in the States ought not to be a ground for 
satisfaction with and toleration of sirnilifr shops in 
England. 

(’onsequently, it may appear at times that the writer is 
praising American shops too ’much and urging British 
engineers to copy slavishly the American example. 

Such an impression would bo a wrong one. Indeed the 
organisation and equipment of an American works is often 
a different problem from that presented to the British 
engineer, ('limatic conditions are ditferont. Often, local 
conditions have an immense intiuence; invested capital in 
old-established works has to be considmed, and the work- 
man himself is a factor not to be ignored. 

Most American engineering works are in the northern 
states, where (dimatic conditions require careful considera- 
tion. All sftcli works- unless there is some special reason 
to the contrary- nfiike provision for adequately warming 
the shops during even the severest weather. Hot air is the 
favourite means of doing this, the air heVig, as a rule, 
heated by steam ilussing through suitable piping arrange- 
ments placed in the ducts through which the fan draws 
the air. Exh'nust steam talten from the engines supplying 
power to the^^works is often used in these air-heaters. 
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It it the firm conviction of most American engineers 
thaA adequate provision for the comfort and well-being of 
Ib^ workman is an aid to efficiency and a stimulus to 
willing service. Most* recent English works have reason- 
able provisions of^the same charucter, although many of 
the older works are very backward and would justify some 
little capital outlay in this rcsjiect. It is not of more im- 
portance that tools should be kept in giM)d working condi- 
tion than that the men should. ^ 

Not merely are the works warmed in cold wca<lier, hut 
proper sanitary and other conveniences are provided. In 
most shops SI phmtiful supply of drinking water is also 
provided, whilst lockers for chdhing -more jairticiilarly 
for foundry and forge workers are common. In summer 
weather some of the sluqis arc coolc<l by fans, and sun- 
blinds are common. The writer saw a small jobbing shop 
in Montreal in which a large slow-speod fan was placed 
above a lathe and a drill so as to send a gentle draught 
down on the machinists and partly no doubt to counteract 
the effect of a smithy fire cl(»sc hchiml the machines. 

The W(>rk8 of the Natural Foial ('ompany at Niagara 
Falls is often quoted us a rmulcl factory. It is beautifully 
situated amidst fine trees and grass lawns on the outskiiis 
of the town and near to the river. It contains lecture- 
rooms and dining-rooms for the emjdoyecs. The girls are 
provided with free meals and tiu* men pay ogly ten cents 
(five pence) a meal, the meals h<*ing*1wauli fully served. 
Elaborate shower and needle baths are j>rovided for the 
employees, who are allowed one hour a week during work- 
ing hours in which to use them. The ffaths are such as a 
first-class hotel might well envy. In the factory itself the 
work of the employees is greatly lightened hj- an elaborate 
ti^atem of machine handling. The building itself is of 



72 ENGINEBRING AND INDUKTEIAL OOlTOmaNS^" ;? 

worka are very deficient, but wbiph is of real importanos 
in heavy engineering. . , 

Industrial Areas. With regard to the location of than' 
worka, it is a pity that something on, the lines of Trafford 
’Park, Manchester, is not more common. An exteiAive 
ground space, with ample transpprt facilities and freed 
from many of the municipal restrictions and burdens 
which are only justifiable on account of the presence of 
dwelling-houses and general business quarters intermixed 
with the factories, would ^be a considerable boon to in- 
dustry. ^ 

From such areas dwellings and general business premises 
would have to be rigidly exrduded, as their presence would 
necessitate the provision of general facilities and the 
restriction of industrial facilities — in particular railways 
on the roads-— whi(di would destroy the most valuable 
features of the area. 

Dwelling-houses should never overlook a factory. Such 
a situation has a (lemoralising and degrading influence pn 
the workers. No man should live within half-a-mile of 
his workshop. 

In sindi an area as sketched, provision would have to be 
made for continuous expansion. This would necessitate 
surrounding, or partially surroumling it by open spaces, 
in itself a feat me of value to the surrounding residential 
districts. If local authoritic.s were empowere<l to purchase 
such ureas in^the first place, theie would be the great 
advantage that the mftural increase in the site values due 
to the industry of the community would pass into the 
pockets of the < ominunity. 

As regards the sitfl for a w'orks, it is worth noting that 
most of the larger American firms have built away from 
the central districts of the* large towns. The chief 
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Wectinghoiiae factories* are situated round about East 
Pittsburg, several miles outside Pittsburg itself; and the 
4aat branch to be erected — a foundry— is the farthest out 
of thmn all. They ore all connected by a private inter- 
works railroad, and have access to the Pennsylvania main 
line. 

The new Allis-Chahners shops are situated a few miles 
outside Milwaukee, and the Bullock Company has just 
removed into a new works u few miles outside Cincinnati 
and situated in one of the prettiest suburbs. The Buffalo 
works of the Americaia Radiator (.'ompany is situated two 
or three miJjBs outside the residential districts. At Buffalo, 
too, the Lnckawaiia Steel Co. have erected a huge new 
plant several miles outside the town. These instances 
might be greatly extemled, hut the above will illustrate 
clearly the outward movement. 

Of course, there are many large and important works 
within the towns, hut these are mainly old w’^orks situated 
in the older established towns, sucli us Philadelphia. 
The works of the Baldwin Locomotive Co. is a 
case in point. In this case, howev(*»', one reason for re- 
maining inside the toAvn is the ease with which men can 
be taken on or discharged without very serious effect on the 
labour market. In general tin* American workman is very 
ready to leave the large towns and follow a firm to the 
country. He has less objection than the Bri^sh workman 
to pulling up by the roots and traijjfjdanting, and this 
mali^s it easier for a firm to move its works whenever it so 
desires. • 

Workshops. As regards the simps tjiemstdves, marked 
changes have taken place in th<? last few years in America. 
Many shops built only 10 or 15 years ago ajje exceedingly 
dark and ofteh badly off for crane facilities. In all the 
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inoi^ recent, shops these features been remedied aiid 
the abundance of light and excellence of the crane eq^up* 
ments are features of the works/ Wooden roof truaseSii: 
which were responsible for much of the two previous 
shortcomings have nearly disappeared. Steel trusses, 
frequently combined with a steel building frame, brick* 
filling walls, and glass and slate roofs are almost uni- 
versal. 

Of course the best type of shop to adopt will depend 
upon the conditions, in particular on the nature of the 
work to be done and the amount oftfioor space available. 

One of the most unique of large engineering works the 
writer has seen is that of the Baldwin Locomotive Co. at 
Philadelphia. These shops are situated quite close to the 
business centre of this very large town. They cover seven 
city blocks and from the outside might easily be taken for 
a collection of cotton mills, the buildings being in the 
main just rectangular boxes in shajTe with several floors. 
Thus one may see steam hammers at work and locomotive 
boilers being riveted up on the second and third floors 
from the ground. Naturally this kind of a building is not 
too light and the shops are dirty. 

The usual type of engineering shop met with in the 
States is u fairly lofty building with galleries down the 
sides and perhaps the centre. The main aisles serve for 
the machiniqg and erecting of the large work and are 
spanned by overbeavl cranes. The side bays and galleries 
are for lighter work, departmental stores, tool rooms, and 
the like. In some shops situated well outwf town prac- 
tically the whole pf the shops are on the ground floor. 
The new shops of the Nordberg and the Ingersoll-Sargeant 
Companies ara examples. • 

In general, a good deal of thought is given to inter- 
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departmental commnniaation ao as to facilitate the rapid 
pregress of material through the shops. A feature which 
* might almost come under the same heading is the works 
telephone system. Telephones are distributed very libeiv 
ally. There willj[)e one or more in each office, and several 
down in the works, usually at least one to each department. 
All these are put in connection through a small distribut- 
ing board in the office which also connects through to the 
es^ternal telephone system. The telephone is much used 
merely for speaking between adjoining rooms in the offices. 

Although the use of wood is not very extensive in these 
days, yet American shops generally have a fire-prevention 
system, usually including a full equipment of sprinklers 
and various kinds of chemical extinguishers. 

Machine Shops. In most respects an up-to-dato 
American machine shop does not differ greatly from an 
English one engagoil on similar work. The shop is lofty, 
well lighted, properly heated and carefully equipped with 
a view to the work on hand. 

The lighting by <lay is largely from the roof, although 
windows arc plentiful and serve to illuminate the side 
bays under the galleries. At night electric lights are 
mostly used ; incamlescent lamps for the machine tools 
and arcs for the erecting floor and general illumination. 
Incandescent electric himps with flexible connections have 
largely replaced the tallow candle in many^hops. 

The transport and handling of iwatorial receives great 
attention in most shops. Electric overhead cranes are 
almost univdi*sal, although other and auxiliary apparatus 
is much used. In particular, small* jib cranes, usually 
consisting merely of a swinging jib and a light trolley, 
are placed in convenient positions for handling work when 
setting up on the machines. A small portable derrick is 
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slfo found of u»e in shops engagedson coO/parativeljr small 
work.* The averjiead cranes usually run on a common fat 
of rails, although in a few eases — notably the Wellman* ? 
Searer-Morgan Co. — there are two tracks, one above the 
other. The object of the upper track is t^ allow one crane 
to pass the other when the latter -is held up at some work* 
Such an arrangement requires a high roof and somewhat 
expensive crane runways. Crane speeds are not, so far aa 
the writer could discover, ajjpreciahly diffei-ent from those 
usual in England. 

It is unusual to admit the railroad tracks into the shops 
except at one end of a shop to a .sufficient extent to allow 
of the (‘ars being hrought under the overhead crane. 
Purely shop tracks sunk level with tlic floor are common 
and are very useful. Where heavy work has to be handled 
it is a mistake to make these trucks of a narrow gauge, as 
they are most needed for the bulkier articles which cannot 
easily Ihj put on a light hand truck. At llu^ works of the 
Nordborg Co., in Milwaukee -huihlers of Corliss engines 
— ^.theso trucks are .so arranged that the work, which is 
placed on a truck, can he run straight up to tlie tool and 
drilled or machined without removing trom the truck. A 
similar nrrungement is in use at the works of the Westing- 
house Co. forflrilling the frames of ele(*tric motors. 

Those shop trucks are, however, most useful for com- 
municating, between <lifferent aisles or shops. In order to 
accomplish the sanu\| result the crane runways in the^ 
machine shops of the Iiigersoll-Sargeunt Co. extend out 
into the erecting shoj) — which runs across thc ends of the 
former — thus allowing work to he quickly passed from 
shop to shop. 

Floors. As regards the floors of the shops, wood (over 
a foundation of concrete or something solid) is most 
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eammon. It la certainly the moat comfortable floor to 
work on. Concrete or atone ia tiring to tbe feet antf very 
kOold in winter. A wooden floor has the further advantage 
that it allows a little local give and thus allows of a 
machine being well bedded on to it. This of course ia 
moat useful in ttie erecting shop. These wooden floors 
should have a smooth surface so us to permit of sweeping 
and cleaning, and also to make it less tiring to the men./ 
A good flcKir pays. 

A novel type of floor is in u«» for the eix^cting shop of 
the new shops of the ingersoll-Sergeunt Co., Phillipsburg, 
N.J. The^floor is of concrete provi<led with a numl)er of 
rectangular pits or wells. The longitudinal sides of these 
pits are ribbed so that hoaiils can carried on these ribs 
across the pit at any l(?vel. These hoards are used in erect- 
ing the engines and compressors, more particularly the 
piping connections below the floor line. The pits ean be 
coven^d in. 

A large floor plate is found very useful for both erect- 
ing and inaeliining purposes. In the latter case it is used 
as a support for the wcuk whilst portable tools are brought 
up to work on it. Many of thc‘se t(H>ls are very large and 
heavy and have, of course, to Ik* handled by the crane. 
One of the great a<lvantag(^8 ♦»£ tbe use of a floor plate and 
portable tools is that it often enables two or more tools to 
be at w'ork on the one job at the same tin\g, and greatly 
reduces the difficulties of handling vyy large w^ork. Most 
of these tools are held to the floor plate by bolts, although 
in a few euscis elect ro-magnets pn>vide the necessary ad- 
hesion. The latter method is most ui^ful for tools which 
are too heavy for human support but arc not re(]uired to 
remain in one position for veiy huig togetl^r. The fixing 
of the tool in position is very cfuickly done with u magnetic 
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grip and where this speed is of little importance, one ol 
the cliief advantages of this method is lost. « 

Tools. As regards the tools used, one finds, of coiUfsM 
that they are almost all of American make. Except in one 
or two special branches of engineering — notably ship- 
building — it is very seldom that one meets with a British- 
made tool. American tools are well known to English 
engineers, indeed few British shops are without some. It 
is needless to give here a necessarily brief and incomplete 
description of these well-known tools. Where they differ 
from most English tools, is in the greater handiness of the 
small tools, and their somewhat lighter build. tTbe hand^ 
ness of American tools is an excellent feature which has of 
late years inspired our British manufacturers to move along 
similar lines. The lack of strength and wearing qualities 
in small American machine tools was badly felt when high- 
speed tool steels became common. This defect is being 
made gocxl, or at least the stiffness is being increased, for 
the writer is not convinced that American tools wear as 
well as they ought; the iron is too soft and very easily 
rusts. Of course it is open to (pieslion whether it is worth 
while to make a tool exceedingly durable. The general 
policy involved is di8cua8e<l elsewhere, but it may be 
pointed out here, that tools constitute a rather special case. 
Accuracy is one of the first requisites in most tools, and in 
order to secui? continued accuracy over a period of years, 
good wearing qualit'cs are desirable, and in many casM 
absolutely necessary. On the other hand a tool may be- 
eome antiquated even though healthy. ** 

As regards the uce of special tools for specialised work, 
the writer was shown a number of universal milling 
machines in oi^e shop, cutting helical gears. They never 
did anything else. Asked why special machines without 
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tibe otlier featurea of ^ univanal miller had not been 
adapted the reply wai that in case of a sale of plabt or 
cban(^ of work, the universal miller would sell well, 
whilst the others would fetch nothinf? probably. Further, 
the machines in use being standard articles would not cost 
much if any more than the specialised, though, simple, 
tools. This is a view of the question of special tools which 
is sometimes overlooked. 

Automatic machines are, of course, common for some 
classes of work, but a great deal of repetilion work is done 
on semi -automatics a%l turret lathes. 

The borjng mill and milling machine are very common 
in the States, although, of course, the lathe and pinner 
are still thriving. The field of the boring mill is mainly 
confined to articles of the wheel or short-cylinder class 
and particularly for heavy work of large diameter which 
would be difficult to set and hold true on the ordinary 
lathe. In the writer’s opinion, the main advantage of 
the milling machine ft)r general planer work is that it 
has only one idle return stroke whilst a planer has hundreds 
or even thousands. The milling cutter is working from 
the time the machine starts until it stops as against about 
two-thirds of the working time on the ordinary planer. 
On the other hand, the milling machine will seldom give 
such true surfaces as a planer. This is mainly due to the 
intermittent character of the cutting action. The number 
of cutting edges in action fluctuates periodically by one 
hud sometimes more. This means that the pressure on 
the cutter vpries correspondingly, and being a rotating 
(and therefore, to some extent, free) tool chattering takes 
place. The fewer the number of teeth in action at once, 
the more marked is this action. Fortunately, it is now 
recognised ^hat each class of tool has special weaknesses 



80 ,ENGIN£E8IN0 IMDV^ 

and strong points, and that the yind advocacy ol OM ct'- 
the ether is undesirable. An en^eering works cai^i^ 
be run by empirical formulae; souftd judgment is necea^j^ 
sary for success. ^ 

Tool Steels. When the writer went to the States the/ 
high-speed tool steels were comparatively new. Some 
works had not adopted them at all ; but in most shops they 
ha<l made considerable headway, and it was interesting 
to note that these special steels all came from England. 

The chief engineer of ‘a large firm of electric crane 
builders expressed the opinion that^?the saving due to the 
use of the high-speed steels was not more than one-tenth 
of one per cent. The works used these steels to some 
extent, but the engineers’ objections were that owing to 
the tearing action of the tool more material had to be left 
for removal by the finishing cut and that -especially for 
long armature shafts - the heat generated distorted the 
work and necessitated time being allowed for cooling. In 
view of this fact, the extra power required by the tools, 
and the more expensive machines roquiitsl, ho did not 
think there was any ajjprociable gain in connection with 
light and accurate work. Undoubtedly the high-speed 
steel shows up to best advantage when taking heavy 
roughing cuts on repetition work or work in which the 
time occupied iu machining is a large perc<mtage of the 
total time. 

At one worlfs the writer was told that the men were still 
afraid to use the high-speed steels to their best advantage,* 

Tool Laifouts, As regards the general layout of the 
tools, it is impossible to make more than ge.;ieral comments. 
The actual layout is governed by so many considerations; 
nature of the work to be done, situation and size of shops^ 
age of ihops, etc., that each case must be consblered on its ' 
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meritfl. Aa far as pot^We all useless carrying to ami firo 
of iiaterial or work should be avoided. In many works 
^is is secured to a considerable extent, the work progress- 
ing steadily along a certain previously determinetl path 
through the shops,^ In the smaller shops it is not so easy 
to secure this steady progression, and in old shops it is 
frequently im}>ossibIo without an entire reorganisation. 
Where space is available it will be found that a few 
temporaiy storage areas in the slp^ps for partially finished 
machines greatly rtiduces the needless turning over, re- 
arranging and rarrying>^ and fro of machine parts. 

In some works the plan is adopted of grouping machine 
tools according to their kind. Ihus all pianers are grou|)ed 
together, all millers are in another seetion, and so on. To 
a certain extent this arrangement forms a part of the 
previously described “ progressive ” plan. As a rule the 
chief advantage of this grouping is that if one planer, say, 
is engaged aiiotlier may he free, and thus work can be 
forwarded to a certain point in the shops withoiit a previous 
enquiry as to what machines are at liberty. When, how- 
ever, an attempt is ma<le to group all kinds and sizes of 
milling machines, say, tliere is no corri'sponding advantage 
as they are unable to exchange wtJik ami are, in fact, 
difiPerent machin(*8 from the manufacturing standpoint. 
Also, it frequently happens that the .sequence of machining 
operations is not the same on two classes of w’f^rk, so that 
if machines are “grouped there is li^eund to be a good 
deal of carrying to and fro. 

Machine Drives. The electric drive is rapidly ousting 
the engine drive in general shops. All»the newer shops 
have adopted the electrical drive for most purposi^s. The 
larger tools are often driven M)y their tmH individual 
motors, whereas the smaller tools are commonly grouped 
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a&d^have one motor driving a conatant speed countershaft 
from whicli the separate machines receive their p#wer 
through belts. The advantages of the group drive over thf 
individual drives are reduced capital outlay and smaller 
power consumption. The capital out^py is less because 
one large motor is cheaper than many small ones, because 
the capacity of the one motor ran be less than the sum of 
the individual capacities — owing to the fact that not all 
the machines take their n^aximum power at one time — and 
the l>elting is simplified a little. The power consumption 
is somewhat ifuluced because of SHie higher efficiency of 
large motors and because the percentage average load is 
increased. For .satisfactory group driving a fair number 
of machines should be (‘ornhined in a compact apace. If 
long countershafts have to he used they ht'come inefficient. 

When the machines are large and spaced well apart, the 
group drive becomes rathm* complicated, its eeonomy falls 
off and its luck of flexibility - the great advantage of the 
individual drive makes itself felt. 

As regards the type of elect ri<* motor, rnueh depends 
upon the work to he done and something upon the source 
of power. In most shops the continuous current motor 
reigns supreme, and takes current at a fixed voltage. The 
elaborate speed varying devices obtained by having several 
available voltages are seldom used. They are of no use for 
group drives where the speed must be maintained ap* 
proximatcly constant, and which in most eases constitute 
the bulk of the drives. Where the individual drive is 
much used voltage control of the speed, is occasionally 
adopted, although rheostatic control on the field is more 
usual and promises to lK‘come more so as the interpole 
motors become more widely used. Even in the case of the 
individual drive the speed control is sometimes quite 
external to the motor. 
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In lome shops (altorlhting current) induction motors 
used. The relative merits of the various types of 
Rotors is too technical a subject for a report of this nature, 
but it may be pointeii out that the induction motor drive 
is at its best wher^ the spcHnl is not required to vary, where 
the percentage average load on (he individual motors is 
high, stops are not too frequent, sparking at the motors is 
dangerous, and whore the source of electric power is ex- 
ternal to the works and ieceived«as alternating current. 

Moat large Ameri(!an works generate thefr own elec- 
tricity, and in such custs, unless there are sjK'cial reasons 
tp the contftiry, the advantages of eontinuous current art^ 
considerable. There is a |)ossihility that an alternating 
current c<»mmutat(ir motor with the general characteristics 
of a direct current shunt motor, inny yet capture a con- 
siderable fichl at present held by the direct current motor 
when the power is transmitted to the works from a distance. 
At present there is no .sucli motor on the njnrket. 

The writer noticed a con.siderable clevelopnient in 
American macliines towards incorporating an electric 
motor directly with the machine and driving through 
toothed gears without any intermediate ladts. The speed 
changes are then obtained by change gears, or at the motor 
itself, or by a combination of the two methods. The methcKl 
of varying the motor speed is likely to receive considerable 
impetus due to the reintroduction of the int?rpole motor. 
The use of belts in the transmission if still very common, 
and in those cases where sudden and momentary heavy 
loads are met with — as in planers and boring mills on 
wheel tyres — it often saves the gears frAn breakage which 
can otherwise only be guarded against by the use of very 
heavy gears. . 

The chief advantages of the electric drive ^rc that the 
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i& s^ctionised, thus mlhimising the risks of a 
total breakdown; that great flexibility’ and handiltess 
are obtained and that it becomes possible to concentrate aBf 
the power-generating plant in a ceiftral station, where it 
may receive adequate attention and fce kept up to its 
maximum efficiency. In large ahops there is, too, fre- 
(luently some economy in power. The capital outlay is, 
however, considerably increased. 

The provision of a central power-station where prac- 
tically all the power generators, air compressors, pumps, 
etc., are concentrated is growing fn the larger works. It 
is much easier to chc(^k waste when the pursft-strings — if 
one may put it so - are all brought tr) one place and under 
the observation of one properly qualified person. 

Pattern Shop and Store. The pattern store of the 
ordinary engineering works is a phn^e of considerable 
importance. Indeed, so far as mere size goes it should be, 
and usually is, several times as big as the shop in which the 
patterns are made. As regards the pattern shop, most of 
the work is of course purely hand done, although wood- 
working machines are used to a considerable extent. 
Pattern makers usually get a little better paid than 
mochauics, and many of them have received a manual 
training high-scluH)! education. 

In some of the older shops patterns are just stored “in 
any old plate,” but in the newer works the storage and 
record-keeping is dtiie systematically and in such manner 
that there is a place for everything and everything is in 
its place unless in use, in which case a recoW of its where- 
abouts is kept, 'hhe pattern store of the Nordberg Manu- 
facturing Co. (builders of corliss engines) is a six-storey 
building staikliug away fnom the other buildings. It is 
provided with an elevator to all floors. The heaviest 
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ptttternt of all kincU ai%oii the two bottom Soort, whfck 
art^ equipped with amall overhea<l trolley* to facilitate 
fhandling. Other patterns are arranged according to their 
nature. On each flojr there is a central passage leading 
to the elevator. ^ At right angles to this passage are 
arrangetl the racks of shelves which again are sulKliviiled 
into spaces. A record is kept for each pattern, giving the 
floor, rack, shelf and space, so that the exact whereabouts 
of a pattern is at once known. ^ A lecoul of the patterns 
received an<l sent out is also kept, so that the projK*r 
apportionment of the^attern cost may la* estimat(‘d, us 
also those patterns which aiv not used often <*nougli to Ih» 
worth kce])ing intact. With regard to the first point it 
is the practice of some firms to place all hut special pat- 
terns to the general expense account. 

A somewhat similar systiun gf storage is used at the 
new foumlry of the Weslinghouse Maehine Co., near 
Pittsburg. A card index system <)f reeords is used and 
if conseieutiously carri<‘(l (»ut is an excellent thing. 

In most of these jiattein stcues considerubh* pre<*autions 
are taken against fin*, even in one ease to sulwlividing the 
store into watertight compartments, any of whi«’h can Ik* 
flooded with water if ie<jnircd. 

Foundry. Many American engineering works have no 
foundry of their own. The reasons given ^or this were 
usually: the difficulty of making a foundry pay, and the 
troubles with the moulders' union. Many tirms preferred 
to shift these >rnubles on to other |)eoph‘'8 shoulders. 

As one would expect, machine; moulding is mainly con- 
fined to repetition work. Small pnminiatic motors for 
working sifters and riddles aiie fairly comnion as also are 
pneumatic rammers, and pneumatic chisels for cleaning 
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ana fettling castings; this last operation being often and 
preferably done in a special room. 

One difference which at once attracts notice is the use of 
wooden flasks, which is almost universal. For small work 
the saving in weight is perhaps worth lAving, but in the 
larger sizes it is more problematic, as when the sand is in 
position the crane is necessary in any case. The chief 
objection to these flasks is that they get burnt and don’t 
last long. On the other hand they are. easily and quickly 
knocked together. Snap Hasks, als^ usually of wood, are 
fairly eoninion for small repetition work. 

As a rule less care is taken with the formation of the 
moulds than is usual in .Kngland, although much of this 
must be charged against tlie designer and pattern maker, 
who are very fond of square cornels. 

In the newer founilries great attention is tieing paid to 
handling facilities. Overhead cranes are almost universal, 
often combined with jib cranes. The latter are, however, 
very seldom planted in tl«^ middle of the floor. At the 
new works of the Ingersoll-Sergeant Co. at Phillipshurg, 
one of the side bays of the foundry is provided with what 
is called a rubber neck crane. This consists of the usual 
overhead traveller, provided with a horizontal beam under- 
neath the length of the crane which can be run out so as 
to project ink) the adjoining bay. On this beam is a 
trolley whiidi carriesuti ladle. Husk or other weight. Thjs 
crane is very handy for passing work or metal from one 
bay to that adjoining. At this foundry Vost of the 
moulders are young, They work, as a rule, in pairs, one 
being proficient and the other a learner. When the latter 
becomes proticient he receiws a learner as his assistant, • 
and the man Jie learned from passes to another section of 
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the moulding work wbc^e he becomes a garner. In *fbia 
way the moulders receive a good broad .training. ^ 

■ The new foundries of the Pennsylvania Iluilroad, near 
Altoona, have been very carefully designed. There is a 
wheel foundry with a (‘apacity of 9(K) car wheels jwr day, a 
steel foundry, a brass foundry, and an iron foundry. The 
foundries were not (juite complete adien the writer vigite<l 
them, although the wheel foundry was running—at one- 
half its ultimate capacity. This foundry is run on a piece- 
work basis, the men earning from five to six ]>onuds a 
week. Each inoulderNias two helpenj and is expected to 
make 25 wiieels a day. The fonmlry as then existing hud 
a rectangular floor. Along one side was u truck running 
in front of the tliree cupolas. On this track were coupled 
together four trucks eacli carrying u small ladle (filled 
from a large ladle at the .spout.s of the cupolas). Along the 
opposite sitle of the floor was anotloT track {? duplicate 
tracks) with four coupled trucks. The moulds are arranged 
in rows across the Hoor between the tracks and over each 
row is an 1 beam carrying a hoist. Towards one end of 
the foundry’ arc the annealing pits in four transverse rows, 
eaeh pit l)eing capable of holding IG wheels in a j)ilc. 

The method of procedure is us follows: — rhe four 
ladles are filled with metal aiul run along the track until 
opposite the four transver.se novs of moulds wanting metal. 
The ladles are then taken up hy the hoists the said four 
rows and run over the moulds, whi^di are fille<l, and the 
ladles returned. When .Hudiriently cool to handle— the 
moulds have'chills <ui the treads and Hanges -- the same 
four hoists take the wIkm*1s and rlroj^ them on the four 
trucks on the side of the foundry away from the cupolas. 
These trucks are run together until opposiW the annealing 
pits. Here a crane, which travels over the pits, lifts the 



S8 £NGISEERim AND INDUSTRIAL CONDmONS 

• 

fonh wheels together by expanding grips inside the hubs 
of thie wheels, carries them over the pits and lowers them 
in. When the pits are full they are covered in and allowed , 
to cool during two ( ? four) days. 

The other foundries were not complete, but a number 
of tracks above and below floor level were in position for 
bringing and removing material. 

At the Wilmerding foundry of the Westinghouse Air 
Brake Co. there is an interesting arrangement for facili- 
tating cheap and rapid production. An endless band or 
moving platform describes a flat lelter 0. Alongside this 
platform at one point stand the moulding maphines — all 
the work handled on this platform is purely repetition 
work — which receive sand by pipes from an overhead 
conveyor. The platform brings up the empty flasks. 
They are removed, placed in the machines, the moulds 
foimod and the halves of the moulds then replaced 
separately on the platform, which carries them forward 
Whilst on the platfonn cores are inserted, the two halves 
placed together and the metal run in. I’lie moulds are 
then carried round to the opposite sale of the letter 0, 
where they are h) 08 ene<l and being seized by two men, are 
jerked off the platform in .such a manner that the casting 
(and sand) is ejected, the flasks being replaced on the 
plat form. 

The casting^are thrown together in a heap to cool. The 
sand falls through a grating, is moi.stcue<l and elevated to 
the mixing floor above, whence it pusses once more to the 
moulding machines. «■ 

The men were working in two shifts- 7-16 a.m. to 5-40, 
and 6 p.m. to (i-ilO a.m. All the shop was on a straight 
piece rat© basis^ The rates l\ivd been reduced a month or 
two previously, but owing to improved trade hn increase 
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oontemplated. Tb^men worked bard and tbe b#er 
of Hbem earned from 30 to 36 cents on hour. 

Most foundries use tbe ordinary cupola, althougb where 
the best grades of itfon are rt*quired some foundries use 
what is called an^air furnace. This furnace is not unlike 
a steel melting furnace in general outline. It is a n»ver- 
beratory furnace with an external fin*. It takes longer to 
melt the iron than u cupola. 

Foundry work is so <Iirty that some firms consider it 
unnecessarj’ to provide washing and other conveniences. 
Other firms take just .t\te opposite view and provide all the 
men with teparate lockers. 

Toot l^oooi. Tool rooms are of two kinds. In one tools 
are sharpened and ivjiairiMl: jigs, dies, and small sp<K.*ial 
tools made; whilst the other kind of tool room is simply a 
store for tools, dies and the like. 

In u large works the tool store is frequently split up 
into sections huated at suitahle points in the works. As o 
rule these d(»part mental tool rooms are purely store rooms, 
the whole of the making and repaiiing being then done in 
one tisd room. The extent to which a tool room of this 
sort will do to(d making proper varies in diffeient works. 
Such things as standard gauges, micrometers, and drills 
are nearly always made bv external firms of tool siweialists. 
As to milling cutters, a goixl deal of difl'ere^ce in prar'tice 
exists, although it is seldom that admail firm will make 
its own, largely on account of the troubles exjierieiiced in 
hardening tin' cutters. Jigs, standard templates, s})eciHl 
gauges, dies and small to<ds of the instrument class are 
commonly made in the fool room. Some firms, however, 
do nothing beyond keeping, fheir toids in repair, and 
others, having no tool room, cannot do even this, with tbe 
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result that the economical production of good work is very 
seriously hindered. 

In connection with the tool stores, the workman gener* 
ally presents his check in person. If several works, how- 
ever, messenger hoys are provided to do ^11 this fetching. 
The workman calls a boy by pressing a bell push. In some 
works a record is kept of the time the boy is away from the 
central office, so as to prevent loiteiing. The reason for 
resorting to the use of mesjengers is, of course, to save the 
men’s time. 

Besides supplying taps, drills afl*?! the like, these tool 
stores frequently supply small screws, and similar articles 
required in Ihe manufacturing work. Such things are, of 
course, jirocured by requisition, and not by check. Heavier 
articles, such as valves and motor parts, are usually kept in 
the main stores through which all work passes — of course 
there is a good deal which never enters the actual store 
room. 

Drawing Office, A good <leal of attention is generally 
given to the system for storing drawings, some sort of a 
curd index system being common. In one works all draw- 
ings were kept in a special fireproof room under the charge 
of one man who acted as a kind of librarian. All drawings 
were arranged in the order of their numhers in flat 
drawers, and hud on them the pattern number. A 
description ofikthe pattern was kept in the pattern book, 
and in addition ther* were tw’o card index systems, one 
arranged in the order of the numbers (and containing a 
description of the drawing), and the other' arranged ac- 
cording to the clast of work. When a drawing was re- 
moved a slip of paper was filled up and placed in a 
receptacle on ihe front of ^he drawer from which the 
drawing had been taken. All drawings were returned to 
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this store room at nigh<« but were not replaced if required 
on^tbe following day, except at the week end, when all 
drawings had to be returned to their drawers. 

In general only bl'ic prints used in the works, and in 
many cases no attempt is made to produce elaborate inked- 
in drawings from which to make the tracings. In prac- 
tically all oases both the drawing and the tracing made 
from it are checked. 

As regards the drawing offic^* equipment, much variety 
existed, some works keeping to the old plain hoards on 
horusoutal tables, an^ others again, adopting one of the 
many lorriis of sliding hoards arranged on a nearly vertical 
easel. 

Working Hours. In practically all American engineer- 
ing shops work ((miiiieiices after breakfast, usually at 
seven ochK-k, sun lime. The men often have a little 
fruit or lunch whilst at work, but there is no stoppage 
until dinner time. None of the men would like to com- 
mence w'ork before breakfast. Kx<ept perhaps in the case 
of ver)^ heavy physical labour, the American plan seems 
to be a distinct improvement over the English plan of 
starting before breakfast. The men work Indier and the 
hours are more convenient under the former arrangement. 
The dinner time allowed varies from half an hour to an 
hour. Most shops still work «m Sat unlay afternoons 
during all but the summer months, but this^w'ill die out. 
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CHAPTER VII 

Electricity Power Stations. 

In the vSta^g there are two features of Electrical Station 
work whicli are almost non-existtyit in England. The first 
is the use of water power, and the other the transmission 
of electricity over very long distances. 

Wafer Powers. The developmewt of water power has 
been aided by three factors. In tlie first place tJiere are a 
fair number of water powers sufficiently large to be worthy 
of the attention of engineers of the very front rank, and 
secondly, near enough to existing or suitable manufactur- 
ing and residential districts to make their development a 
probable commercial success. Also thcie are several dis- 
tricts in which mining or other projunties make the pro- 
vision of an adequate power service very desirable. These 
three factors are lacking in England. We have no very 
large water powers, and no isolated mining or manufactur- 
ing districts of consequence. 

American water powers naturally divide themselves into 
two classes : one having very high falls and the other low 
falls, but (as a rule) large (|uantities of water. For high 
heads turbini^ of the pelton wheel tyjw* are almost 
universal. These higjt heads are mainly confined to the 
Western States, hwids of 1,500 feet being sometimes 
obtained. In most instances these heads hh’^not been 
obtained without l^iilding canals, flumes or pipe lines 
round nr through natural obstacles to sj^INf point at which 
the requisite dr^p in the ground to a mer bed is available. 
High waterfalls ready for harnessing are almost unknown. 



Tti|5 UAiTcu err&xjss} 


93 


Aji |i general rule a ^ream is tapped at a high altitude 
aiM conveyed in a flume along the hillsides to some con- 
venient spot, often many miles distant, and then pipes 
convey the water down the hillside to a power house situ- 
ated on the bankj of a strinm in the gorge below. In most 
of these plants capital outlay has to W kept down as much 
as possible, and the lliiine is consequently very cheaply 
made. Some of it is dug out of the ground, but much of * 
it is built of planks atipported on a womlen tiestle. The 
flumes are carefully watched for troubles. 

The pi[»e line down*Slie hillside to the power house is not 
free from«t roubles. These trouhh^s are due partly to the 
intake getting clogged with leaves and other obstructions, 
but mainly to water ram caused by tlm^t nations in the 
quantity of water taken by the water wheels in the power 
house. In order to avoid these troubles the nozzles dis- 
charging water against the buckets of the wheels are 
generally made to Hwiv<*l, and when the load is reduced 
the excess of water coining through the pipes is turned 
across the gorge by swivci.*ng tlie nozzle. Safety valves 
are also generally used, hut these do not prevent water 
ram, they only reduce its amount. For medium falls- ■ 
usually in conjunction with ordinary turbines -vertical 
standpipes open at the top to the atmosphere are placed on 
the pipci line near the turbines to prevent undue pressure 
rises. These 8tan<ipipes are not very sati.sf%;tory, however, 
and at one large {xiwer bouse on ihej'acific coast tbewTiter 
was told that it was contemplated replacing the pipe line 
by an open (flinal cutting right up to the power house. 

For low ami medium heads, turbj^ies as distinct from 
pelton wheels are uwmI. The higher heads are usually 
obtained in mountainous di^ricts and prq^iominate in the 
western sfates. The low heads are usually found in the 
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ea^ern and central states, althqpgh there is no strict 
allotment of territory. * 

Water power cannot very well be transmitted over 
long distances, as such. Consequently, if the electricity 
is to be used at all it must be transmitted to the 
customer or he must be brought to the water power. Both 
these results are observable in the States. In the early 
days of the development of the Niagara power almost none 
was transmitted further than Buffalo, about 22 miles away. 
Those who wanted Niagara power had to go to Niagara. 
Within the last year, however, a trafll^mission line has been 
erected from Niagara to Toronto, a distance oi about 85 
miles, and others to go still further afield are projected. 
The general tendency in hydro-electric development in 
the States has been for tlie water power to be developed 
to meet the wants of customers already in existence or 
projected, hut resident in some previously selected place. 
Naturally the first water powers to be developed were those 
in close proximity to these customers, hut improvements 
in electrical science, fostered by high prices for fuel, have 
led to the transmission of electricity from water powers 
to customers at great distances, in several instances ex- 
ceeding 100 miles. 

High Voltage Transmission. The transmission of elec- 
tricity over long distau(‘es is only practicable when very 
high voltages ^re employed. At low voltages the weight 
of copper in the conjluctors would be prohibitive. The 
rough rule ns to voltage in the States is 1,000 volts per 
mile of transmission with, however, nothiri|^ at present 
above 60,000 volts, ^ although one plant has been con- 
structed with a view to the ultimate adoption of a pressure 
of 80,000 volts. ^ 

Most of the trouDies at tnese nigh voltages o^uur in the 
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tittnnaiMioD line. Generation takes place at, eay, 3,300 
end is then stepp^ up to the line voltage by thint- 
fonnert, unless the line voltage does not exceed 15,000, 
in which case the generators supply at full voltage. Some 
troubles are experienced in the transformers, due in the 
main to local slfort circuits between windings; but the 
line insulation is the weak link in the chain of supply. 
As yet there is no really reliable insulator for anything 
above 60,000 volts. When one is obtaine<i voltages will 
increase. Lightning is a seriotls trouble on many of these 
transmissions. It is •l•eK|)onsibIe for many of the trans- 
former breakdowns, insulator failures, and temporary shut 
downs. ^0 existing lightning arrester seems to bo satis- 
factory in all respects, and some plants cut them out 
entirely. 

Both aluminium and copjM*r are extensively used for the 
line wires, the determining factors being mainly price and 
climate. Aluminium wires carry a bigger load of snow 
and are liable to corrode. in sea fogs. This latter point is 
interesting to us in England. 

The periodicity of the current is generally determined 
by the pre-existing plant of the cuHtomers supplied in the 
first instance, and is usually 60 cycles. For purely trans- 
mission purposes, low fretjueucies are desirable. 

Steam Power Stations. The type of station and its 
equipment dejjends on the particular conditions to bo satis- 
fied, and in view of the many published flescriptions of 
existing stations no good purpose* would l>e served by 
giving here tj^tailed descriptions of those plants visited by 
the writer. A few gen<‘ral remarks may, however, be 
acceptable. 

Buildings. For the buildings a steel framework with 
brick weather walls is very common but nol universal. As 
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{jtr as possible inflammable matenalt are excluded. Tbe 
boilers are very often placed oyer a basement and 
directly on the ground. The basement serves, as a rule, 
for pumps, fans, and other auxiliary ^paratus, whilst over 
the boilers are usually placed the coal bunkers. In several 
of the newer power stations there are two decks of boilers, 
one above the other. This plan may involve some slight 
extra risk, but is adopted largely on account of the saving 
in floor space in large towns, and also where the engine- 
room is small relative to th*e boiler-room, as where turbines 
are adopted. The boiler-house itf»^.^»f becomes rather ex- 
iwnsive, and is probably not justified where l^d is very 
olioap. Another way of accommodating the boilers to a 
small engine-room is to arrange them in rows end on to the 
engine-room. The boilers themselves are generally water- 
tube lioilers, and seldom have an economiser fitted. 

S witch boa rdi^. The switchboard is usually on a gallery 
overlooking the engine-ro<»m floor, although in largo units 
the main switches are frequently at some distance away, 
and are merely controlled from the switchboard gallery. 
Most of these controlling arrangements are electrical in 
their operation, and are well known in England. 

In one case the new power bouse of the Ontario Power 
Co, at Niagara Fulls — the whole of the switchboard, in- 
cluding the control l)oard, is situated in a liouse some dis- 
tance from t^e pow'er house itself. The advantage of 
having the switehboa^fd overlooking the engines is that the 
attendant is immediately made aware of any trouble with 
the generators and often can take immediate steps to 
remedy it or safegujj^rd the plant. 

With the attendant in a separate room difBculties arise. 
There is more chance of a mi|iunder8tanding between him- 
self and the engine-rot>m staff, especially at thbse critical 
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(imet wneii eveiy moment countii. It is claimed, on Che 
other hand, that this separation removes him from the 
liratn on his nerves which bursting steam pipes or fly- 
wheels entail. Yet how many power house troubles are of 
this drastic nature? Most of them are such as to give rise 
to no danger — unless of an electrical nature — to the switch- 
board attendant, and in most cases his nerves will be more 
roughly handled if he has to depend for guidance in 
critical moments solely on the aj>parently conflicting move- 
ments of several instrument pointers or the lighting of 
different coloured lanf^^. 

Then, top, no operator can- it is u physical impossibility 
— keep his eyes continuously and without intermission on 
a number of more Or less scattered instruments. lie re- 
quires some relief from such a strain, and at the sumo time 
a substitute which will tell him instantly of trouble. Such 
a substitute is provided by the sights and soumls — par- 
ticularly the latter of an engine-room. 

The ( nit System. Most new power stations are built on 
the so-called unit system. Kach generator is provided 
with a complete and indepndent set of boilers, engine, 
auxiliaries, piping and connections. To a very consider- 
able extent, however, tlie expression “ unit system” is mis- 
leading. Practically the only new thing about the system 
is the provision of certain boilers for each engine, and in 
the steam and other piping connections to t^p engines and 
auxiliaries. Perhaps, too, the provisi^pi of separate exciters 
may be considered a feature of the unit system. 

In the oldef power stations all the boilers fed into one 
common header — often in duplicate guard against a 
shut down — which not infrequently formed a complete 
ring. From this header all ihe engines ttok steam. In 
the unit r/stem there is no ring steam main and the 

B 
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c(tmmon header is smaller than under the ol^ i^stem. Tliis 
separate engines each have their own boilers, but these «re 
usually connected so as to permit, when desired, of cross 
connection. It is this cross connection which formsx the 
common header of the unit system. In theory these cross 
connections are not intended to be used under normal 
working conditions. As a matter of fact the valves in 
these connections are usually kept open and only closed 
when required, so that the term unit system is rather mis- 
leading. The reason for Ceeping these valves open is that 
a little trouble with one engine or gwfti er at or may necessitate 
throwing in another whoso boilers are cold or^ opened up 
for cleaning and repairs, at very short notice. Where 
there are a large number of units the cross connections can 
without much inconvenience Ik? kept closed under ordinary 
conditions. 

The expression unit system applies more to the design 
than to the operation of most power stations. From that 
point of view it has some obvious advantage. 

AuxiHaries. Although in many respects an ideal method 
of driving the usual station auxiliaries is by means of 
electric motors, yet the methml increases the risk of a total 
shut down and delays the starting uj) after a shut down. 

So serious is this trouble that in some of the largo New 
York power stations most of the motor-driven auxiliaries 
have been replaced by steam-driven ones. This applies in 
particular to the condenser auxiliaries and the exciter sets. 
If all electric current is shut off it is obviously a niattbr of 
some little time before the generators cafl bo delivering 
current when the excitation necessary to give this current 
has to be obtained from the current itself with a number 
of transformations in between. As regards economy it is 
probable that the motor-driven sets— except m very large 
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iiutallittiona — are slightly superior to the others, hut "on 
tliB other hand they cost much more, and for intermittently 
running plant this is the more important factor. 

Main Units. The high speed engine is little known in 
the States, and in its stead we have the almost universal 
adoption of the corliss engine. Corliss engine speeds 
average somewhat higher than with us. Thus in one large 
power house there were eight corliss engines of 2,000 and 
3,000 horse power each, all running at 94 r.p.m., although 
this is somewhat higher than is usual, and much below 
what is occasionally with. 

The ste^^m turbine is now making a strong bid for the 
position ot staiidai'd typo of prime mover for all sizes above 
about oOO kilowatts, although the gas engine is being 
talked about seriously. 

The genoratoTS are much like those well known in 
England through the British Westinghouse Co., and the 
British Thomson-Ilouston ('o.; with this difference, that 
the American standard frequencies are 25 and 00 cycles 
per second, instead of 25 and 50. The standard voltages 
are 2,300 for singlo-jihase distribution, and 6,000, 11,000 
and 15,000 for -‘i-phase transmission over distances up to 
10 or 20 miles. Above that distance 30,000 volts or up- 
wards is generally adopted. > 

Distribution. For house distribution the three-wire 
system — commonly called the Edison systen^in the States, 
and the Hopkinson system in England — is almost universal 
with 220 volts, or thereabout, uctoss the outers. This is 
just half the^mltage in common use on this side of the 
Atlantic. The Americans are convincq^l of the advantages 
of their lower voltage. Its chief advantage is that low 
voltage lamps are more effick»nt than high voltage ones, 
and its chfef disadvantage the cost of the extra copper 
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required in the conductors. Thctpresent writer intended 
making a comparison between the two on a commercial 
basis, but time has not, as yet, permitted it. One or two 
points may, however be mentioned. • 

In the first place the saving in current^ill obviously be 
proportional to the total candle-power hours burned, whilst 
the extra cost of the copper will depend on the maximum 
steady load — even though of comparatively short duration 
— to be provided for. No\f, ordinary lighting load factors 
are very small, and this is at once a point in favour of the 
higher voltage. On the other haftiT it may well be that 
where the load factor is high — us in some works and stores 
—the saving in current may more than counterbalance the 
extra investment costs. The matter is one admitting of 
direct, though not very precise, calculation. 

In connection with lamps reference may be made to the 
practice, common in the States, whereby the electricity 
supply company gives free renewals of lamps. When a 
lamp begins to blacken the customer takes it to the 
company’s office and receives in exchange a new lamp 
free — of course he pays for it indirectly. It is hoped by 
this means to maintain the efficiency of the light-producing 
power of the lamps and to ensure that customers shall be 
provided with reliable and economical lamps. 

Alternate Current Supply. Alternating current supply 
is quite comifion in the States. As a rule the wires dis- 
tribute the current aV 2,300 volts single phase — not nece^s- 
arily generated as single phase — by means of overhead 
wires to transformers which are usually carried on poles 
and serve to step tke voltage down to 220 across the outers 
of a three- wire system. 

In the centrtjs of large towns the wires have often to be • 
laid underground and the system is then very commonly 
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a direct current one similar, save as to voltage, to that in 
uSs in most English towns. This |>oint is illustrated by 
the table given below, which is taken from a paper by 
Mr. A. Dow, read at the International Electrical Congress 
held in St. Loui% in 1904. 



Population. 

Area in 


Town. 

19034. 

8q. niiles. 

D.C area. 

Boston 

600,000 

... 4d 

... d-6 

Buffalo 

42^,000 

... 51 

... 5 

Chicago 

2,2a0,()()0 

... 190 

... 12 

Cleveland ,V. . 

426,000 

... dd 

... 1-5 

Detroit 

dl7,000 

... 29 

... 3-2 

New York (Maiihatta}i). 

1,900,000 

22 

... 15-5 

Philadelphia 

1,700,000 

... 129-5 

... d 

St. Louis 

612.000 

... 62-5 

7*5 


Note. — In all the above towns the built-up areas round 
the central districts are supplied with D.C. In Manhattan 
all the built-up district is supplied with D.C. 

The use of alternatiug current is in the main confined 
to the more sparsely built-up districts, esj)ccially if mainly 
residential in character. The ad vantages of such a system 
are : — 

(1) Low capital cost. 

(2) Reduced operating costs. 

(d) Simplicity. 

(4) Flexibility. 

Probably the low caj)ital cost is its strongest point. This 
is largely due to the ab.scnco of substations and rotary 
transformer machinery. This latter i»also responsible for 
the reduced operating costs. Where the load is mainly a 
lighting load the all day efficiency of the •transformers is 
rather poor, but is high where the load facto^^is good. Its 
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simplfcity and flexibility are ob^ous but, on the oth§r 
hand, it is not very suitable for some power purposes, owing 
to the approximate constancy of the motor speed. 

Jjond factor. The influence of load factor on the cost of 
production — whether of electricity or mor<? material things 
—is generally recognised nowadays, but a few words her^ 
are desirable on two phases of this subject, which have 
received little attention. 

The definition of load factor* ordinarily understood is 
misleading when we come to consii^f the economics of an 
equi[nnent. All plant installed has to he ]>aid fpr, and its 
fixed charges require to he met whether the plant is used 
always, oc'casionally, or never. Hence from an economic 
point of view, load factor ought to he umlerstood as the 
ratio of average yf'arlg load to maximum rated capacity of 
the plant. 

Economics in fuel, water, etc., are in general obtained 
by installing a more expensive plant. Tlic (piestion arises, 
at what point (hw's this extra cxp(’nsc c(‘asc to he justified 
by the superictr economy attained, ('learly when the last 
extra economy is just ecpial to this last extra expense — 
expressed in terms of the lixed charg<‘s on the extra capital 
outlay. Put mathematically, this occurs when the rate 
of increase in the fixed charges is just e([ual to the rate 
of decrease in^he fuel including water and store's — cost. 

This is not the same thing as having the total fixed 
charges equal to the total saving in fuel as is often implied 
by engineers when discussing, for insiaih'e, the best 
vacuum for use in j\jiy given installation of ^jteam engines. 

The main point which is at once obvious in this connec- 
tion is that since the saving rflepends on the price of fuel, 


Ratio of av^ra^c to luaxininin actual load carried .by the machines. 
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Vater and stores, and^also upon the load factor, then 
dibarly the extent to which refined and efficient (in the 
limited sense) plant is justified, will depend* mainly on 
these two factors : price of fuel and loud factor. 

For instance, •suppose that the difference in the cost of 
two engine equipments (including all related exjionses such 
*as buildings and auxiliaries) is £2,000 or ecjual to, say, 
£240 per year in fixed charges. The nure expensive 
equipment causes a saving iiiiioal— for simplicity we will 
neglect water and stores — amounting to 24 tons per year 
for each one per cent, of load factor, or 2,400 tons per year 
if run continuously at full load. Suppose (oal costs ten 
shillings a ton at the fires, then evidently unless 4tS0 tons 
are savc^d per year the more expensive plant is not justified. 
This itMjuires a load factor of 20 per cent, (hi the other 
hand if the coal had cost 20 shillings a ton, a ten per cent, 
load fact<u* would justify the adoption of the more expen- 
sive plant. 

As a g(‘neral principle then, we may say that the higher 
the pric(i of fuel and the higher the load factor, the n»ore 
likely is an expensive and (thermally) efficient plant to be 
justified. 

In most electricity stations there is a peak in the load 
curve, and much of the j)lant is only in use for a few hours 
a day. In such cases cheap plant is of tei^ quite justified. 
For instance, steam turbines coul<4 in many cases be in- 
stalled for the day load and reciprocating engines running 
at low vacutf or non-condensing used to assist at the peak 
loads. Again, mechanical stokers an^ in many cases quite 
uneconomical for use with boilers which will only lie 
required at the peak loads.. In the firs^ place the fixed 
charges 'fire heavy and the saving small, whilst in most 
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cases a somewhat smaller boiler pl|iit can be need if hand^ 
stoking is employed, because the boilers can be more easify 
forced. * 

Each case requires careful consideration in vietr of the 
particular facts of the case, but it frequently happens that 
economic considerations are overlooked in a desire to be^ 
“up-to-date” and to have a uniform equipment throughout. 

Storage Batteries. The use of a booster in series with a 
battery placed across the mains of an electricity network is 
unusual in the States, end-cell contri^l being used instead. 
The advantage of the American metliod is in reduced first 
cost, simplicity, and perhaps somewhat greater efficiency. 
Its disadvantage lies in the deterioration of the end cells 
and the troubles to which they give rise, and also the 
necessity for human attendance. Also, whereas in England 
the tendency seems to be towards having the batteries 
guurarit(K!d by the makers, the practice in the States seems 
to lean in the opposite direction. In the former case the 
inspection and upkeep is likely to be tliorough, whereas in 
the latter case everything depends upon the responsible 
engineer of the plant. 


Business Getting. Within the last year or so, there has 
been a great increase in the attention given to methods of 
increasing central station electricity business in the States. 
Methods vary, l:oveltv being apparently a recommendation, 
but the use of attractively got-up pamphlets and periodic^ajs 
for distribution is very common. Personal solicitation is 
also much adopted, and also extensive general advertising. 
Persistent attempts fire frequently made to induce people 
to install small electric heaters, fans, and motors for 
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S t it is even more des^ble that attention should h^ paid 
the character of the new load with a view to increasing 
the station load factor. A low load factor 4ill keep up 
prices and act as deterrent on possible customers, whilst 
a high load faiG|^or will have just the opposite results. In 
connection with business getting in the States, it may be 
noted that the competition of gas is not so strong as in 
England. 
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and MediaBval History. Demy 8vo, 240 pp. Ts. 6d. net. 

“Patient and enlightened scholarship and a sA[ 2 ^ of style and pro- 
portion have enabled the writer to produce a work at once solid uid 
readable . “ — English llimtoHcal Revkw. e 
“A welcome addition to the literature of English local history, not 
merely because it adds much to our knowledge of Manchest^ 
Lancashire, but also because it displays a scientific method of treating 
which is rare in this field of study in England.” — Dr. Gross in ^f^ertcon 
Hutonml Ihview. 

“La collection ne pouvait d^butar plu.s significativement et plus henre- 
ttsement que par un ouvrage d’hlstoire du Moyen Age dfi a M. Tait, car 
re:|wigncment medi^viste est un de ceux quit font le plus d'honneur k 
la jeune University de Manchester, ct c’est # M. le Profeueur Tait qu*il 
faut attribuer une bonne part de ce succes .” — Rtvue de, St/ntMse 
historique- * 

“The two e.ssjtys are models of their kind.” — Mnnrhester Guardian, 

Economic Series. No. 1. 

No. IV. THE LANCASHIRE COTTON INDUSTRY. Bv S. J. 
Chapman, M.A., M. Com. JevonH Professor of Political Economy 
and Dean of the Faculty of Commerce. Ts. fid. net. Demy 8vo. 

“ Such a book as this ought to Isi, and will l)e, read far lieyond the 
bounds of the trade .” — ManrhcHter Guardian. 

“There have been iKioks dealirm with vari«ms phases of the subject, 
but no other has so ably breathed it irom the economic as well as from tlie 
historical fwint of view .” — Manvheder CouHrr. 

*‘The story of the evolution of theimhistry from small and insignifieant 
bemnnings up to its presimt imjioHing proinirtions and lightly developed 
and speciali.se<l forms, is told in a way to rivtd the attention of the 
reader ... . • . . the book is a valuable and instructive treatise on a 
fascinating yet imixirtant sulqect .” — Cotton Far ton/ Titnru. 

“ Highly valuable to all close students.” — Srofsnian. 

TTfQTAuir*Ar KirnTcwt NIa 9 

No. V. INITIA OPERUiM LATINORUM QUAE SAECULIS XIII., 
XIV., XV. ATTRIBUUNTUR. By A. 0. Little, M.A., Lecturer 
in PalsBOgraphy. Demy 8vo, 300 pp. (interleaved). ISs. net. 

Medical Series. No. 3. 

No. VI. HANDBOOK OF SURGICAL ANATOMY. By G. A. 
Weight, B.A.fM.B. (Oxon.), F.R.C.S., and C. H. Preston, M.D., 
F.R.C.8., L.D.S. * Croyn 8vo, 214 pp. Sedond edition. Ss. net. 
“We can heartily recommend the volume to students, and especiflUy to 
those preparing for a final examination in surgery .” — IJoepitaL 
“Dr. Wright and Dr. Preston have produced a concise and very 
readable little handbook of surgical applied anatomy. . . . The sub^s^ 
matter of the book is well arranged and the marginal notes in bold type 
facilitate reference to ari5^ desired point.”— T’/uweei. 
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ittNCHESm UNIVnSITY PUBLICATI0NS-»»«>W 

HiSTORirM. SlRIIR. No. 3. 

ifo. vn. THE OLD COLONIAL SYSTEM. By gAald Birriut 
' Hkrtz, M.A., B.C.L. Demy 8vo« 232 pp. 5s. net. 

■ : ^Mr. Hertz givlAs an elaborate historical study of the old colonial 
kjhtmm, which diqi^ppeared with the American Hevolution .... He 
Jihbws a remarkable kndWledge of contemporary litoraiure, and his book 
{ Olay claim to be a true history of popular opinion.** — Spectator. 

Hertz's book is one which no student of imperial developments can 
It is lucid, fair, thorough, and convincing." — Glasgow Herald. 
"Mr. Hertz’s ‘Old Colonial System’ is based on a careful study of 
contemporary documents, with the result that several points of no small 
importance are put in a new light . . it is careful, honest work . . . . 

The story which he tells has its lesson for us." — The. Timee. 

"Both the ordinary reAler and the academic mind will get benefit irom 
this well-inf<mpied and wel^- written book." — Sroteman. 


Economic Seuies. No. 2. (Gahtside Report, No. 1.) 

No. VIIl. AN EXAMINATION OF THE COTTON INDUSTRY 
IN THE UNITED STATES. By T. VV. Uttley, B.A. Demy 8vo. 
Is. net. 

"Mr. Uttley is to be congratulated on the |»erformancc of a not al- 
together ca.sy task, and hi.s book, in comeption and execution, appears 
to fulfil admirably Iho intention.s of the ’Yrmi."- MonchtaUr Couner. 

"The writer gives ample details conetTning wages and other features 
connected with typical mills . . . and the information thus gathered is 
of interest and value to the factory operative as w'ell as the student and 
economist."- Fartory Tinner. 

"Mr. Uttley dc-scribes how he vi.sitcd the mills in various States in a 
very systematic and detailed manner. Altogether the report makes an 
admirable and welcome collection of information, and will be found on 
many occasion.^ worthy of reference."— 7Vjr<j7<* Mercury. 

• 

TiiEOLOciic'AL Series. No. 1. 

No. IX. INAUGURAL LECTURES delivered during the Session 
1904-5, by the Professors and Lecturers of the Faculty of Theology, 
viz. ; — 

Prof. T. F. Tout, M.A. ; Prof. A. S. Peake, B.D. ; Prof. H. W. 
Hogg, M.A. ; Prof. T. W. Rhys Davids, LL.D. ; Rev. W. F. 
Adeney, D.D. ; Rev, A. Gordon, M.A,; Rev. I#Hassd; Rev. Canon 
E. L. Hicks, M.A.'; Rev. H. D. Lockef^, M.A. ; Rev. R. Mackintosh, 
B.D. ; Rev. J. T. Marshall, D.D. ; Rev. J. H. Moulton, D.Litt. 

Edited by A. S. Peake, B.D., Dean of the Faculty. 

Demy 8\», 300 pages. 7s. fid. net. 

*T!'he lectures, while scholarly, are at the same time popular, and will 
16 found interesting and instructive by those^who are not theologians. 
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MANCHESTER UNIVERSITY PITBAIOATIONS-^^ 

Press Notices (Inaugnral LectiiTe8)~C!im^intt^, 


. . The entire series is excellent^ and the volume deserves a yni99t/: 
circulation.” — Scotsman. 

V “This is a very welcome volume ... All these Its^ures were deliyeM^^ 
^to popular audiences, yet they are far from superficial, and wUl htf ' 
found of great value to busy pastors and teachers.th-~C'Anfi«tan Worlit^ 

“We welcome the volume as a most ausptcioin sign of the times.” — 

Spectat^. 

-‘‘The lectures themselves give a valuable conspectus of the pr^s^t 
position of Theological research . . . They are, of course, not addii'essed 
to experts, but they are exceedingly valuable, even when allowance is 
made for their more or less popular form.” — Examiner. 

“The whole volume forms a very important and valuable contribution 
to the cause of Theological learning.” — Hecord^ 

mis is a most interesting and valuable book, the appearance of which 
at the present moment is singularly significafit. . . . But is impossible 
in a brief review to indicate all the treasures of this rich# volume, to 
read which carefully is to be introduced to the varied wealth of modern 
Biblical scholarship.” — Baptist. 

“This volume is of the most exceptional value and interest.” — 

Expository Times, 

“This is a book of more than common interest.” — 

Review of Theology and Philosophy. 

“The writers of these lectures do not attempt to offer more than 
samples of their wares : but what is given is good, and it may be seen 
that theology without tests is destitute neither of scientific value nor of 
human interest.” — Athencpum. 


AnatomicaIi Series No 1 

No. X. STUDIES IN ANATOMY from the Anatomical Department 
of the University of Manchester. Vol. iii. Edited by Alfred H. 
Young, M.B. (Edin.), F.R.C.S., Professor of Anatomy. Demy 8vo, 
320 pp., 24 Plates. 10s. net. 


No. XI. A COURSES OF INSTRUCTION IN OPERATIVE 
SURGERY in the University of Manchester. By William 
. Thorburn, M.D., B.S. (Lond.), F.R.C.S., Lecturer in Operative 
Surgery. Crown 8vo. 2s. 6d. net. 

“This little book gives the junior student all that he wants, and no- 
thing that he does not want. Its size is handy, and altogether for its 
purpose it is excellent .” — University Review. 

“As a working guide it is excellent .” — Edinburgh Medical Journal. 

Public Health Series. No. 1. ' ^ 

No. XII. ARCHIVES OF THE PUBLIC HEALTH LABORAWSY 
OF THE UNIVERSITY OF MANCHESTER. Edited by 
A. Sheridan DelXpine, M.Sc., M.B., Ch.M^. Crown 4to, 460 pp. 


£1. Is. net. 


“The University of Manchester has taken the important wd highly 
commendable step of commencing the publication of the archives of itai 
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Health Laboratory, and has issued, under the afaie and judicioi 
editorship of Professor Sheridan Del4pine, the first volume of a serw 
that promises tOvA'^of no small interest and value alike to members oi 
the medical profession and to those of the laity . . . Original communica- 
tions bearing upAs di^ases which are prevalent in the districts siff- 
rounding Manchester, or dealing with food- and water-supplies,^ air, 
disposal of refuse, sterilisation and disinf^tion and kindred subjects, 
Will be published ^n future volumes; and it is manifest that these, as 
they^ sjjpcessively appear, will form a constantly increasing body of trMt- 
worthy information upon subjects which are not only of the highest 
interest to the profession but of supreme importance to the public/’— 

Tht Lancet. 

“It is safe to say tlwt as these volumes accumulate they will form 
one of the most important works of reference on questions of ^blic 
health, and iught, at all vents, to be in the library of every public 
authority.tt— ii/ancAester Guardian. 

“The volume .... speaks well for the activity of investigation in 
Manchester. “ — Lancet . 

Physical Series. No. 1. 

No. XIII. THE PHYSICAL LABOBATOHIES OF THE UNIVER- 
SITY OF MANCHESTER. A record of 25 years’ work. Demy 8vo, 
160 pp, 10 Plates, 4 Plans. 5s. net. 

This volume contains an illustrated description of the Physi<»l, 
Electrical Engineering, and Electro-Chemistry Laboratories of the 
Manchester University, also a complete Biographical Md Biblm- 
graphical Record of those who have worked in the Physics Depart- 
ment of the University during the past 25 years. 


Medical Series. No. 6. . 

No. XIV. A HANDBOOK OF LEGAL hftlDICINE. By Sellers; 
M.D. (London), of the Middle Temple and Northern Circuit, 
Barrister-at-law. With Illustrations. Crown 8vo. 78. 6d. net. 

“■Bhis is quite one of the best books of the kind we have come 
across .” — Law Times. ^ 

Medical Series, ^o. 

No.’ XV, A CATALOGUE OF THE PATHOLOGICAL MUSEUM 
OF TH^ UNIVERSITY OF MANCHESTER. Edited by 
- Lorrain Smith, M.A., M.D. (Edin.), Professor of Pathology. 
Crown 4to, 1260 pp. 7s. 6d. net. 
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Hisiobical SiBIIS. Not 4. V. /■ 

No. XVI. STUDIES OF BOMAN IMPERIALISM. By 
Akkold, M.A. Edited by Edward Fiddes, M.A., with 
,of the Author by Mrs. Humphrey Ward and C. E. MoNTAdlStev 
With a Photograuve of W. T. Arnold. Demy 400 pp. 74. ^ 
net. ^ ‘ # 

Humphry Ward has used all her oeRcat^ and subtle art tp) 
draw fk pictui« of her beloved brother; and his fri^d Mr. Montague’s; 
aeeouRt of his middle life is also remarkable for its literary excel- 
lence.”-— AtAcnceum. * ^ 

“The memoir tenderly and skilfully wrfften by 

the ‘sister and friend,* tells a story, which well deserved to be told, of 
a life rich in aspirationS|.:4nterests,^d friendships, and not without its 
measure of actual achieveirient.”— Tnhwnc. 

“Readers of this fragment will note the write's generally facile style, 
his Targe grasp in detail, his preference finr the study^of historical 
matters ^is illustrative of the progress of communities rather than as 
records of individual character and achievement ; and will understand the 
loss to literature of a mind capable of such zealous, honourable, and 
determined effort. **—6rZo6e. 

“This geographical sense and his feeling for politics give colour to all 
he wrote.’’ — Times. 

“The singularly interesting literary monument which in the introduc- 
tion to this volume has been raised to the memory of the late William 
Arnold by the affection of his distinguished sister, and by the whole- 
hearted comradeship of a fellow-worker of many years, will be welcome 
to the numerous fripds whom he has left behind him.*'— Spectator. 

“Anyone who desires a general account of the Empire under Augustus 
which is freshly and clearly written and based on wide reading will find 
it here .” — Manchester Guardian. 

“Nothing could be better than the sympathetic tribute which Mrs. 
Humphry Ward pays to her brother, or the analysis of his work and 
method by his colleague Mr. Mohtague. The two together have more 
stuff in them than many big books of recent biography.”— 

e Wtstniinster Gazette. 

No. XVII. CALENDAR OF THE VICTORIA UNIVERSITY OF 
MANCHESTER. Session 1904-5. Demy 8vo, 1100 pp. 3s. net. 
No/XVIII. CALENDAR OF THE VICTORIA UNIVERSITY OF 
MANCHESTER. Session 1905-6. Demy 8vo, 1100 pp. 3s. vtd'ST' 
No. XIX. CALENDAR OF THE VICTORIA UNIVERSITY ^OF 
MANCHESTER^v ^ssion l§06-7. Demy 8vo, IlOO pp. 3s, net. 

Medical Series. No. 7. 

XX. HANDBOOK OF DISEASES OF THE HEART. By 
Graham Stekll, M.D., F.RX.P., Lecturer in Diseases of the Heart, 
and Physician to the Manchester Royal Infirmary. Crown 
400 pp., 11 plates (5 in colours), and 100 illu.strations in the text.* 
7s. 6a. net. c 4 
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Ecx)nomic Series, No. 3. (Gartside Report, <No. 2.) 

PQME MODERUfJONDITlONS AND RECENT DEVELOPMENTS 
■ IN IRON STEEL PRODUCTION IN AMERICA, being a 
Report to the^GaAside Electors, on the results of a Toctf in the 
U.S.A. By Popplbwell, B.Sc. Demy 8vo. [7n ikt press. 

Educational Series. No. 1. 

CONTINUATION SCHOOLS IN ENGLAND AND ELSEWHERE : 
Their place in the Ediicational*System of an Industrial and Com- 
mercial State. By^liCHAEL E. Sadler, M.A., LL.D., Professor of 
the His^ry and Adm^istration of Education. Demy 8vo. ^ 

This work is largely based on an enquiry made by past wd present 
Students of the Educational Department of the University of 
Manchester. Chapters cMp Continuation Schools in the German 
Empire, Switzerland, Denmark, and France, have been contributed 
by other writers. [In the press. 

Historical Series. 

CANON PETER CASOLAS’ PILGRIMAGE TO JERUSALEM IN 
TftE YEAR 1494. By M. Newett. Demy 8vo. [In the press. 

Economic Skuies, No. 4. (Gautsidk Report, No. 3.) 

engineering AND INDUSTRIAL CONDITIONS IN THE 
UNITED STATES. By Frank Foster, M.Sc. Demy 8vo. 

[In the press. 

The following are in preparation and will be issued shortly : — 

DISEASES OF THE EAR. By W. Milligan, M.D., Lecturer on 
Diseases of the Ear and Nasal Surgeon to the Manchester Royal 

««^ifirmary. 

DISEASES OF THE EYE. By C. E. GLAScoy, M.D., Lecturer on 
Ophthalmology, and A. Hill Griffijh,^^!^, Ophthalmic Surgeon 
'lo the Manchester Royal Infirmary. 

HANDBOOK OF NERVOUS DISEASES. By Judson S. Bury, M.D;? 
» Lecturer on Clinical Neurology and Physician to the Manchester 
Royal Infirmary. 
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LIOTURE8. 

cities (Warburton Lecture). By RaITh Neville, K.C. 
6d. net. ^ 

THE BANK OF ENGLAND AND THE STATE (A Lecture). By 
; f MLijt Schuster. 6d. net. 

BEAMING AND IMPORTANCE OF COMMERCIAL TREATIES 
; IN THE TWENTIETH CENTURY. By Sir Thomas Barclay. 
yji 6d. net. 

THE SCIENCE OF LANGUAOfe AND THE STUDY OF THE 
GREEK TESTAMENT (A Lecture). By •James Hope Moulton, 
M.A., Litt.D^ 6d. net. 


Issued fl'oiin the University Press. 

MELANDRA CASTLE, being the Report of the Manchester and 
District Branch of the Classical Association for 1905. Edited by 
R. S. Conway, Litt.D. Introduction by Rev. E. L. Hicks, M.A. 
Demy 8vo. Illustrated. 58. net. 

**Both the antiquarian and the student of general English history 
should find this volume of deep interest.” — Tribune. 

“A thoroughly creditable piece of work, carefully edited. . . . Mean- 
while we wish the excav^^to^s continued success, and hope that their 
spirited example will be followed in other parts of the country by 
competent classical scholars.” — Mr. G. F. Hill in the Manchester Guardian. 

“Many admirable plans and illustrations add to the clearness of this 
excellently planned book on^ very interesting subject,” — Daily News. 

Prof. Willamowitz Moellendorf, of Berlin, writes of the Keltic and 
Roman Weights ; — “This is really a great result and one on which the 
Coxpus Inscriptionum is silent.” 

BECOBO OF THE JUBILEE CELEBBATION8 AT 0^:^^ 
COLLEGE, MANCHESTJSl. Crown 4to, 200 pp. (illustrated)-. 
2 b. fid. net. - 

THE BOOK OF RUTH (Unpointed Text), fid. net. 

ICENBS FBOM THE BUDENS OF PLAUTUS, withS TransUtion 
into English Verse. Edited by R, S. Conway, Litt.Dii Professo:|^^-' 
Latin in the University, fid. net. 

' ■ ■ C 
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MANCHCSTER MUSEUM PUBLICATIONS. 

mcn^ 

HANDBOOKS. 

• PEICl. 


. £. Hoylk. Handy Guide |o the Museum [15] - Id. 

£. Hotlb. General Guide to the Natural History 

Collections (Illustrated) [26] 6d^ 

S. J. ]|iGKSON. Outilii^ Classification of the Animal 

Hingdom [14] 2d. 

F. E. Weiss. Outline Classification of the Vegetable 

Kingdom [5] 2d. 

S. J. Hickson. Catalogue of the Embryological 

Models [40] 2s. 

H. Bolton. Catalogue of the T^pe Fossils [6] • • 2s. 

Supplementary List of Type Fossils - - - 6d. 


W. E. Hoyle. Catalogue of the Museum Library [12] 28. 6d. 
J. C. Melvill and H. Standbn. Catalogue of the 
Hadfield Collection of Shells (Part I.) 2 Plates [11] 

(out of print) ’ . . . Is, 

J. C. Melvill and B. Standen. Catalogue of the 
Hadfield Collection of Shells (Parts II. and 111.) 

3 Plates [16] -28. 

J. C. Melvill and B. Standen. The Marine MoUusca 
of Madras, Marine Shells from Lively Lsland, 

Falklands, etc. [24] Is. 

^ D. Sherborn. Index to the ‘^Systema Naturss** of 

Linnaeus [26] - - • Bs. 6d. 

H. Bolton. Nomenclature of the Seufa00^^ Lanca* 

• shire -Lower Coal Measures [22] - ; - . - - Is. 

R. Hobson. Correlation Tables of British Strata [34] 68. 

H. Bolton. The Palaeontology of the Lancashire Coal 

Measures (Part I.) [60] Is. 
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RANGHESTER MUSEGM PUBLICATI0NS««>ntf«««2 

MUSEUM LABELS. V 

The following sets of Labels have** been publisnea ine 
Museum, and may be had at the prices aiiii^d on application 
to the Director, post free if cash is sent with order 
Descriptive Labels of the Sub*classes and Orders of 

Mammals, on sheets about 10 inches by ^6 inches - 15b. 

Hie Families of Mammals, according Flower and 

Lydekker, in ^ inch block letters, red ink - 6d. 

The Families of Birds, according to the British Museum 

Catalogue, in similar style 10s. 6d. 

The Principal Families of Fishes, according to Smith 

Woodward and Gunther, in similar style • - 10s. 6d. 

Map of the World, illustrating distribution in space 

and time * - - - per hundred 5s. 

The Principal Divisions of Cleopatra, in labels 

4 inches long, red or black [29] .... 3d. 

The Families of Worms, in similar style [32] - - 6d. 

The Principal Divisions of Lepidoptera, in similar 

style [36] 8d. 


NOTES PROM THE MANCHESTER MUSEUM. 


1— T. H. Huxley. Suggestions for a Natural History 

Museum in Manchester [17] 6dw 

Thomas Hick. On Rwhiopteris cylindrica Will ^ 

[18] - - 

3— -S. J. Hicksok. of the Ampullae of Millepora 

[19] 6d. 

4~H. Bolton. Descriptions of Brachiopoda an^ 

Mollusca from the Millstone Grit, etc. [20] • • Is. 

C- 
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. 54:^H. BoLCim. P^uuontology of the Slates [27] Is. 
0. Bmwabd. Not^ on some Jurassic Plants in 
Manchester Museum [30] ..... Is. 
Boyd DxwvfKS. On ths Cairn and Sepulchral 
Cftve at Gop^ near Prestaty^^ [36] - . . . 6d. 

8— rF« B. Wiiss. On Xenophyton radiculosum (Hick) 

[873 . - - Is. 


9r-W. & Hoyle. Bt^h Cephalopoda [39] - 6d. 

10->W«Boyd Dawkins. The Bed Sandstone Rocks of 

Peel (Isle of Man) [41] - ... . . 1 b. 


IX-^W. Boyd Dawkins. Carboniferous, Permian 

Triassic Bocks of the Isle of Man [42] - > • 6d. 

11^— W. Boyd Dawkins. On Bigbury Camp and the 

Pilgrims’ Way [43] Is. 

13-tW. E. Hoyle. The Use of Museums in Teaching 

[44] 6d. 


14— W. E. Hoyle. The Type Specimen of Loligo- 

eblanee [45] - - - - - • - 6d. 

16 — J. R. Hardy. The Macro-Lepidoptera of Sherwood 

Forest [46] ....... 8d. 

15— W. Boyd Dawkins. Discovery of an Ossiferous 

Pliocene Cavern at Doveholes [47] -• - - • Is. 

17— W. Boyd Dawkins. On the Discovery of Elephas 

antiquus at Blackpool [51] 6d. 

18 — w. E. Hoyle. A Diagnostic Key to the Genera 

" [>f Recent Dibranchiate Cephalopoda [52] • • Is. 6d. 


, REPORTfS ON THE PROGRESS OF THE MUSEUM. 
^Pbr 1889-1903 - - (each) 6d. 
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